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(54) IMAGE PICKUP DEVICE AND ITS DRIVE CONTROL METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To achieve A/D conversion of a photoreceptive 
signal and other operations on the same circuit. 

SOLUTION: This image pickup device is composed of a photoreceptive part for 
generating an electrical signal according to the brightness of a subjectan 



amplification part for amplified a light reception signala plurality of storage parts 
for storing an amplified electrical signal as a current signala load part for 
converting the current output of each storage part into a voltagean operation part 
for calculating the output signal of the load partan output part for outputting the 
operation result to the outsideand a drive control part for controlling the drive of 
each part. By comparing a reference signal level stored at one storage part with 
the brightness of a subject to be stored at another storage partwhile performing 
integration in terms of timethe brightness of the subject is subjected to AID 
conversionbased on timewhen a brightness signal exceeds a reference signal. 



CLAIMS 



[Claim(s)] 

[Claim 1]A light sensing portion which generates an electrical signal according to 
a luminosity of a photographic subjectand an amplifier which amplifies an output 
signal of said light sensing portionTwo or more storage parts stores which 
memorize an electrical signal amplified in said amplifier as a current signalA load 
section which transforms a current output from said storage parts store into 
voltageand operation part which calculates an output signal of said load 
section Provide an outputting part which outputs the result of an operation in said 
operation part outsideand a drive control section which controls a drive of said 
each partand said drive control sectionWhile making one storage parts store 
memorize a current signal equivalent to a reference signal levellt is made to 
memorizeintegrating with a current signal which is equivalent to a luminosity of a 
photographic subject at other storage parts stores in timeAn imaging device the 
moment it has the drive controlling mode to which comparison processing of a 
reference signal level and the luminosity of a photographic subject is carried out 
in said operation part based on a current signal read from each storage parts 
store and a luminosity signal of a photographic subject exceeded a reference 
signal levelwherein said operation part outputs a recognition signal. 



[Claim 2]While said drive control section makes a current signal equivalent to a 
luminosity of a photographic subject in time which is different to each of two or 
more of said storage parts stores memorizeThe imaging device according to 
claim 1 the moment it has other drive controlling modes to which comparison 
processing of the luminosity of a photographic subject in each time is carried out 
in said operation part based on a current signal read from each storage parts 
store and a luminosity of a photographic subject changedwherein said operation 
part outputs a recognition signal. 

[Claim 3]The imaging device according to claim 1 wherein said amplifier amplifies 
a current signal according to a principle of a current mirror including mirror 
transistors which countered and connected gate electrodes. 
[Claim 4]The imaging device according to claim 1 wherein said storage parts 
store memorizes a current signal according to a principle of current copia. 
[Claim 5]Optical area which has aforementioned each part for every pixeland has 
arranged many pixels to matrix form in every directionThe imaging device 
according to claim 1 with which a drive circuit which generates a signal which 
drives each pixel arranged in this optical areaand an output circuit which outputs 
an output signal from each pixel outside are characterized by what is mounted on 
the same circuit chip. 

[Claim 6]A light sensing portion which generates an electrical signal according to 
a luminosity of a photographic subjectand an amplifier which amplifies an output 
signal of said light sensing portionTwo or more storage parts stores which 
memorize an electrical signal amplified in said amplifier as a current signalA load 
section which transforms a current output from said storage parts store into 
voltageand operation part which calculates an output signal of said load sectionA 
step which memorizes a current signal which is a drive controlling method of an 
imaging device which comprises an outputting part which outputs the result of an 
operation in said operation part outsideand is equivalent to a reference signal 
level at a (a)1 ** storage parts store(b) A step memorized while integrating with a 
current signal which is equivalent to a luminosity of a photographic subject at 



other storage parts stores in time(c) A step which carries out comparison 
processing of a reference signal level and the luminosity of a photographic 
subject in said operation part based on a current signal read from each storage 
parts store(d) A step to which said operation part outputs a recognition signal the 
moment a luminosity signal of a photographic subject exceeded a reference 
signal levelCome outrealize drive controlling mode constitutedand lapsed time 
until a luminosity of a photographic subject measured by recognition signal 
output in said step (d) exceeds a reference signal level is measuredA drive 
controlling method of an imaging device changing into a digital variable a 
luminosity of a photographic subject which is analog quantity based on this 
measuring result. 

[Claim 7]A step which memorizes a current signal equivalent to a luminosity of a 
photographic subject in time which is different to each of a storage parts store of 
the (p) aforementioned plurality(q) A step which carries out comparison 
processing of the luminosity of a photographic subject in each time in said 
operation part based on a current signal read from each storage parts store(r) a 
drive controlling method of the imaging device according to claim 6 realizing a 
step to which said operation part outputs a recognition signal the moment a 
luminosity of a photographic subject changedand other drive controlling modes in 
which it is come out and constitutedand calculating a time change of a luminosity 
of a photographic subject at high speed. 

[Claim 8]A drive controlling method of the imaging device according to claim 
6wherein said amplifier amplifies a current signal according to a principle of a 
current mirror including mirror transistors which countered and connected gate 
electrodes. 

[Claim 9]A drive controlling method of the imaging device according to claim 
6wherein said storage parts store memorizes a current signal according to a 
principle of current copia. 

[Claim 10]A drive controlling method of the imaging device according to claim 
6wherein aforementioned each part is mounted on the same circuit chip. 



[Claim 1 1]While memorizing a current signal which is equivalent to a reference 
signal level at one storage parts storehave the followingmemorize a current 
signal which is equivalent to a luminosity of a photographic subject at other 
storage parts storesand said comparing elementAn imaging device characterized 
by a thing in comparison with a signal inputted from other storage parts stores 
while raising gradually in time a reference signal level inputted from this 1 ** 
storage parts store. 

A light sensing portion which generates an electrical signal according to a 
luminosity of a photographic subject. 

An amplifier which amplifies an output signal of said light sensing portion. 
Two or more storage parts stores which memorize an electrical signal amplified 
in said amplifier as a current signal. 

A comparing element which inputs and compares a signal read from each 
aforementioned storage parts storeand an outputting part which outputs a 
comparison result in said comparing element as a pixel signal. 

[Claim 12]While memorizing a current signal which is equivalent to a reference 
signal level at one storage parts storehave the followingmemorize a current 
signal which is equivalent to a luminosity of a photographic subject at other 
storage parts storesand said bias partAn imaging device characterized by what a 
bias signal is added for so that a reference signal level may rise from this 1 ** 
storage parts store gradually in time to a signal inputted into said comparing 
element. 

A light sensing portion which generates an electrical signal according to a 
luminosity of a photographic subject. 

An amplifier which amplifies an output signal of said light sensing portion. 
Two or more storage parts stores which memorize an electrical signal amplified 
in said amplifier as a current signal. 

A comparing element which inputs and compares a signal read from each 
aforementioned storage parts storea bias part which adds a bias signal to each 



signal inputted into said comparing elementand an outputting part which outputs 
a comparison result in said comparing element as a pixel signal. 

[Claim 13]The imaging device according to claim 12wherein said amplifier 
amplifies a current signal according to a principle of a current mirror including 
mirror transistors which countered and connected gate electrodes. 
[Claim 14]The imaging device according to claim 12wherein said storage parts 
store memorizes a current signal according to a principle of current copia. 
[Claim 15]Optical area which has aforementioned each part for every pixeland 
has arranged many pixels to matrix form in every directionThe imaging device 
according to claim 12 with which a drive circuit which generates a signal which 
drives each pixel arranged in this optical areaand an output circuit which outputs 
an output signal from each pixel outside are characterized by what is mounted on 
the same circuit chip. 

[Claim 16]A light sensing portion which generates an electrical signal 
characterized by comprising the following according to a luminosity of a 
photographic subjectA drive controlling method of an imaging device of a type 
which outputs a comparison result of a signal which was provided with an 
amplifier which amplifies an output signal of said light sensing portionand two or 
more storage parts stores which memorize an electrical signal amplified in said 
amplifier as a current signaland was read from each aforementioned storage 
parts store as a pixel signal. 

(a) A step which memorizes a current signal which is equivalent to a reference 
signal level at one storage parts store. 

(b) A step which memorizes a current signal which is equivalent to a luminosity of 
a photographic subject at other storage parts stores. 

(c) A step which raises gradually in time a reference signal level read from this 1 
** storage parts store. 

(d) a step which compares a reference signal level which rose gradually in time 
by said step (c) with a current signal read from a storage parts store of these 



othersand (e) - a step which outputs a comparison result by said step (d) as a 
pixel output. 

[Claim 17]A drive controlling method of the imaging device according to claim 
16wherein said amplifier amplifies a current signal according to a principle of a 
current mirror including mirror transistors which countered and connected gate 
electrodes. 

[Claim 18]A drive controlling method of the imaging device according to claim 
16wherein said storage parts store memorizes a current signal according to a 
principle of current copia. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the lnvention]This invention relates to an imaging device constituted 
small and lightweight and a drive controlling method for the samelt is related with 
an imaging device realized using the semiconductor manufacturing technology of 
CMOS (Complementary Metal-Oxide Semiconductor: complementary metal 
oxide semiconductor) etc.and a drive controlling method for the same. 
[0002]This invention relates to an imaging device which accumulates various 
circuit modules for processing the detecting signal in each pixel on the same 
chipand a drive controlling method for the same in detaillt is related with an 
imaging device which realizes AD (Analog-to-Digital) conversion process and 
other one or more data processing to a pixel signal especially using the circuit 
module on the same chipand a drive controlling method for the same. 
[0003] 

[Description of the Prior Art]Rapid progress of the semiconductor manufacturing 
technology of these days has become available in a conjointly comparatively 



cheap image sensor. As a resultin personal digital assistantssuch as a cellular 
phone and PDA (Personal Digital Assistant)the apparatus which was [ the 
camera ] attached or carries a small camera is developedand it is beginning to 
circulate in a commercial scene. Howeversince these personal digital assistants 
are characterized by a small light weightthe camera carried must also have a 
small light weight. As for portable equipmentit is ** ** that not only an equipment 
body but the attachment and mounted part are low power consumption since it is 
generally a battery-operated type. 

[0004]Generallyif it is called a camerathe thing using a CCD (Charge Coupled 
Device: charge coupled device) sensor can be visualized. CCD is an integrated 
circuit constituted by allocating an MOS (MetalOxide Semiconductor) mold 
electrode like a chainThe image data which picturized the electric charge of the 
semiconductor surface from a certain electrode using the function transmitted to 
the following electrode one by one is outputted. Howeverit is hard to say that the 
CCD sensor has turned to a use like the above portable devices from that power 
supply voltage is two or more necessities and the point that power consumption 
is comparatively large. 

[0005]On the other handa CMOS (Complementary Metal-Oxide Semiconductor: 
complementary metal oxide semiconductor) image sensor is beginning to capture 
the spotlight as a next-generation image sensor. 

[0006]lf it is this type mounted using a CMOS technology of image sensorsmall 
size and a weight savingand specificationssuch as low power consumptioncan 
be satisfied. Various circuit components realizable by a CMOS technology are 
accumulate on the same chip as an image sensor. Especiallythe photodiode 
output in each pixel on a sensor is changed into a digital value from an analog 
valueafter passing through noise rejection and gain correctingSome reports of 
the CMOS image sensor which carries the function to perform image processing 
furthermore with a digital signalon the same chip are also made. What is called 
especially a "smart sensor" that carries the function to perform image processing 
on a sensor is expected from the object for games to the security use as what is 



used broadly. 

[0007]As a special feature article about a CMOS image sensora CMOS image 
sensor with a digital image processing capability(video information media 
academic journal Vol.53No.2pp. 172-1 77-1 999) is mentionedfor example. 
[0008]As a paperCMOS Active Pixel Sensor, with On-Chip 
SuccessiveApproximation Analog-To-Digital Converter(IEEE Transactions 
Zhimin Zhou etal.) On Electron DevicesVol.44and No. 10-1997 are mentioned. 
[0009]Furthermoreas an United States patentThe U.S. Pat. No. 5801657 
specification (the name of an invention: SERIAL ANALOG-TO-DIGITAL 
CONVERTERUSING SUCCESSIVE COMPARISONS) etc. which were 
published as of September 1 1998 exist. 

[0010]howevermost of such art to precede realize a desired function by carrying 
an analog-to-digital converter (it is hereafter considered as an "AD converter") for 
exclusive use for every pixel or every pixel row on the same chip as an image 
sensor. Thereforein order to perform processing of those other than an AD 
converter to a pixel outputit is necessary to accumulate another circuit and there 
is a problem that the circuit structure of the whole image sensor chip cannot but 
become large. 

[001 1]ln each advanced technology mentioned abovesince the circuit for 
removing the fixed pattern noise which originates in characteristic dispersion of 
an indispensable amplification transistor or a readout transistor for every pixel 
becomes indispensable separatelycircuitry will become increasingly complicated. 
[0012]ln the literature about a smart sensora dark scene also has a report about 
some from which the large image pick-up result of the dynamic range which can 
be buried and reproduced is obtainedwithout being saturated also with a bright 
scene. As this kind of advanced technologyA current characteristic [ in / for a 
photodiode output / the subthreshold level field of a MOS transistor ] is used. 
What [ log transforms ] (work [ besides Hagiwara ] "logarithmic shift type CMOS 
area solid state image pickup device"and video information media academic 
journal Vol.54No.2pp.224-2282000)The number of times with which the 



photodiode output was saturated is countedThe number of times. What is 
converted into a luminosity, work [ besides Miyagawa ] "multi-storage time photo 
detector"and video information media academic journal Vol.51 No.2pp.256- 
262work "A/D conversion on image sensor using accumulation intermediate 
image" besides 1997; Inoand video information media academic journal Vol.54. 
No.2pp.297-3002000etc. are mentioned. 

[0013]ln howeverthe case of the type which log transforms using the electrical 
quantity characteristic [ in / for the former photodiode output / the subthreshold 
level field of a MOS transistor ]. There are problemslike there is a problem in a 
response when incident light quantity decreases rapidlyor the evil of increase of 
the fixed pattern noise by the influence of the noise in low illumination or 
characteristic dispersion of the circuit in a pixel arises. 
[0014]ln the type which counts the number of times with which the latter 
photodiode output was saturatedand is converted into a luminositysince a signal 
is memorized as voltage or is comparedhigh-speed processing becomes difficult 
and there is a problem that the number of bits after conversion digital from an 
analog is not enough. 
[0015] 

[Problem(s) to be Solved by the lnvention]The purpose of this invention is to 
provide an outstanding imaging device constituted small and lightweight and a 
drive controlling method for the same. 

[0016]The further purpose of this invention is to provide an outstanding imaging 
device and a drive controlling method for the same which are realized using the 
semiconductor manufacturing technology of CMOS (Complementary Metal-Oxide 
Semiconductor: complementary metal oxide semiconductor) etc. 
[0017]The further purpose of this invention is to provide an outstanding imaging 
device and a drive controlling method for the same which accumulate various 
circuit modules for processing the detecting signal in each pixel on the same chip. 
[0018]The further purpose of this invention is to provide an outstanding imaging 
device and a drive controlling method for the same which can realize AD 



(Analog-to-Digital) conversion process and other one or more data processing to 
a pixel signal using the circuit module on the same chip. 
[0019]When the further purpose of this invention changes light-receiving signal 
strength into a digital value from an analog valuethere is in providing an 
outstanding imaging device and a drive controlling method for the same which 
can acquire the picture reproduced from the dark field to [ expanded the dynamic 
range simultaneously and ] the bright field. 
[0020] 

[Means for Solving the Problem]This invention is made in consideration of an 
aforementioned problemand the 1st sideA light sensing portion which generates 
an electrical signal according to a luminosity of a photographic subjectand an 
amplifier which amplifies an output signal of said light sensing portionTwo or 
more storage parts stores which memorize an electrical signal amplified in said 
amplifier as a current signalA load section which transforms a current output from 
said storage parts store into voltageand operation part which calculates an output 
signal of said load sectionProvide an outputting part which outputs the result of 
an operation in said operation part outsideand a drive control section which 
controls a drive of said each partand said drive control sectionWhile making one 
storage parts store memorize a current signal equivalent to a reference signal 
levellt is made to memorizeintegrating with a current signal which is equivalent to 
a luminosity of a photographic subject at other storage parts stores in timeHaving 
the drive controlling mode to which comparison processing of a reference signal 
level and the luminosity of a photographic subject is carried out in said operation 
part based on a current signal read from each storage parts storesaid operation 
part is an imaging device outputting a recognition signal the moment a luminosity 
signal of a photographic subject exceeded a reference signal level. 
[0021 ]ln an imaging device concerning the 1st side of this inventionsaid drive 
control sectionWhile making a current signal equivalent to a luminosity of a 
photographic subject in time which is different to each of two or more of said 
storage parts stores memorizeit may have other drive controlling modes to which 



comparison processing of the luminosity of a photographic subject in each time is 
carried out in said operation part based on a current signal read from each 
storage parts store. In such a caseit may be made for said operation part to 
output a recognition signalthe moment a luminosity of a photographic subject 
changed. 

[0022]Said amplifier may also contain mirror transistors which countered and 
connected gate electrodes. In such a casesaid amplifier can amplify a current 
signal according to a principle of a current mirror. 

[0023]lt may be made for said storage parts store to memorize a current signal 
according to a principle of current copia. 

[0024]lt may be made to mount aforementioned each part on the same circuit 
chip by using CMOS (Complementary Metal-Oxide Semiconductor: 
complementary metal oxide semiconductor) production technology. For 
exampleoptical area which has aforementioned each part for every pixeland has 
arranged many pixels to matrix form in every directionA drive circuit which 
generates a signal which drives each pixel arranged in this optical areaand an 
output circuit which outputs an output signal from each pixel outside can mount 
on the same circuit chipand can constitute an image sensor. Carry out the 
temporary storage of the image frame picturized with such an image sensor to a 
predetermined frame memoryor digital to analog is carried outA picture output 
can be carried out on a display of NTSC (National Television System Committee) 
form or VGA (Video Graphic Array) form. 

[0025]A light sensing portion which generates an electrical signal [ side / of this 
invention / 2nd ] according to a luminosity of a photographic subjectAn amplifier 
which amplifies an output signal of said light sensing portionand two or more 
storage parts stores which memorize an electrical signal amplified in said 
amplifier as a current signalA load section which transforms a current output from 
said storage parts store into voltageand operation part which calculates an output 
signal of said load sectionA step which memorizes a current signal which is a 
drive controlling method of an imaging device which comprises an outputting part 



which outputs the result of an operation in said operation part outsideand is 
equivalent to a reference signal level at a (a)1 ** storage parts store(b) A step 
memorized while integrating with a current signal which is equivalent to a 
luminosity of a photographic subject at other storage parts stores in time(c) A 
step which carries out comparison processing of a reference signal level and the 
luminosity of a photographic subject in said operation part based on a current 
signal read from each storage parts store(d) it is a drive controlling method of an 
imaging device characterized by a step to which said operation part outputs a 
recognition signaland realizing drive controlling mode come out of and 
constituted the moment a luminosity signal of a photographic subject exceeded a 
reference signal level. Lapsed time until a luminosity of a photographic subject 
exceeds a reference signal level with a recognition signal outputted in said step 
(d) is measurable. And based on this lapsed timea luminosity of a photographic 
subject which is analog quantity is convertible for a digital variable. 
[0026]A drive controlling method of an imaging device concerning the 2nd side of 
this inventionA step which memorizes a current signal equivalent to a luminosity 
of a photographic subject in time which is different to each of a storage parts 
store of the (p) aforementioned plurality(q) a step which carries out comparison 
processing of the luminosity of a photographic subject in each time in said 
operation part based on a current signal read from each storage parts storeand 
(r) - said operation part may realize a step which outputs a recognition signal the 
moment a luminosity of a photographic subject changedand other drive 
controlling modes come out of and constituted. In such a casea time change of a 
luminosity of a photographic subject can be calculated at high speed. 
[0027]A light sensing portion which generates an electrical signal [ side / of this 
invention / 3rd ] according to a luminosity of a photographic subjectAn amplifier 
which amplifies an output signal of said light sensing portionand two or more 
storage parts stores which memorize an electrical signal amplified in said 
amplifier as a current signalWhile memorizing a current signal which possesses a 
comparing element which inputs and compares a signal read from each 



aforementioned storage parts storeand an outputting part which outputs a 
comparison result in said comparing element as a pixel signaland is equivalent to 
a reference signal level at one storage parts storeMemorizing a current signal 
which is equivalent to a luminosity of a photographic subject at other storage 
parts storessaid comparing element is an imaging device characterized by a 
thing in comparison with a signal inputted from other storage parts storesraising 
gradually in time a reference signal level inputted from this 1 ** storage parts 
store. 

[0028]According to the imaging device concerning the 3rd side of this 
inventionafter an electrical signal which a light sensing portion generates 
according to a luminosity of a photographic subject is amplified by amplifierit is 
memorized by one of the storage parts stores. And an electrical signal is read 
from a storage parts storeand a pixel output is obtained by comparing this with a 
reference signal level. 

[0029]Herein order to detect a dark light and to express as a luminositywhile it is 
necessary to raise a reference signal levelin order to detect and express a bright 
lightit is necessary to lower a reference signal level. Thenit was made for a 
comparing element to compare with a signal inputted from other storage parts 
stores according to the imaging device concerning the 3rd side of this 
inventionraising gradually in time a reference signal level inputted from one 
storage parts store. Thereforeby [ which raise reference level gradually with 
progress of time ] detecting a bright lightin an early periodreference level is set 
up low in timeand a luminosity can be expressed in the wide range of the 
dynamic range from a dark light to a bright light. 

[0030JA light sensing portion which generates an electrical signal [ side / of this 
invention / 4th ] according to a luminosity of a photographic subjectAn amplifier 
which amplifies an output signal of said light sensing portionand two or more 
storage parts stores which memorize an electrical signal amplified in said 
amplifier as a current signalA comparing element which inputs and compares a 
signal read from each aforementioned storage parts storeand a bias part which 



adds a bias signal to each signal inputted into said comparing elementWhile 
memorizing a current signal which possesses an outputting part which outputs a 
comparison result in said comparing element as a pixel signaland is equivalent to 
a reference signal level at one storage parts storeMemorizing a current signal 
which is equivalent to a luminosity of a photographic subject at other storage 
parts storessaid bias part is an imaging device characterized by what a bias 
signal is added for so that a reference signal level may rise gradually in time to a 
signal inputted into said comparing element from this 1 ** storage parts store. 
[0031]According to the imaging device concerning the 4th side of this 
inventionafter an electrical signal which a light sensing portion generates 
according to a luminosity of a photographic subject is amplified by amplifierit is 
memorized by one of the storage parts stores. And the comparing element can 
obtain a pixel output as compared with a current signal equivalent to a luminosity 
of a photographic subject read from other storage parts stores by making into a 
reference signal level a current signal read from one storage parts store. 
[0032]As mentioned abovein order to detect a dark light and to express as a 
luminositywhile it is necessary to raise a reference signal levelin order to detect 
and express a bright lightit is necessary to lower a reference signal level. 
Thenaccording to the imaging device concerning the 4th side of this inventiona 
bias partBy adding a bias signal so that a reference signal level may rise from 
this 1 ** storage parts store gradually in time to a signal inputted into said 
comparing elementa reference signal level which rises gradually in time to a 
comparing element was supplied. Thereforeby [ which raise reference level 
gradually with progress of time ] detecting a bright lightin an early 
periodreference level is set up low in timeand a luminosity can be expressed in 
the wide range of the dynamic range from a dark light to a bright light. 
[0033]A light sensing portion which generates an electrical signal [ side / of this 
invention / 5th ] according to a luminosity of a photographic subjectlt has an 
amplifier which amplifies an output signal of said light sensing portionand two or 
more storage parts stores which memorize an electrical signal amplified in said 



amplifier as a current signalA step which memorizes a current signal which is a 
drive controlling method of an imaging device of a type which outputs a 
comparison result of a signal read from each aforementioned storage parts store 
as a pixel signaland is equivalent to a reference signal level at a (a)1 ** storage 
parts store(b) A step which memorizes a current signal which is equivalent to a 
luminosity of a photographic subject at other storage parts stores(c) A step which 
raises gradually in time a reference signal level read from this 1 ** storage parts 
store(d) A step which compares a reference signal level which rose gradually in 
time by said step (c) with a current signal read from a storage parts store of these 
others(e) It is a drive controlling method of an imaging device possessing a step 
which outputs a comparison result by said step (d) as a pixel output. 
[0034]According to the drive controlling method of an imaging device concerning 
the 5th side of this inventionafter an electrical signal which a light sensing portion 
generates according to a luminosity of a photographic subject is amplified by 
amplifierit is memorized by one of the storage parts stores. And a pixel output 
can be obtained by comparing with a current signal equivalent to a luminosity of 
a photographic subject read from other storage parts stores by making into a 
reference signal level a current signal read from one storage parts store. 
[0035]As mentioned abovein order to detect a dark light and to express as a 
luminositywhile it is necessary to raise a reference signal levelin order to detect 
and express a bright lightit is necessary to lower a reference signal level. 
Thenaccording to the drive controlling method of an imaging device concerning 
the 5th side of this invention. A reference signal level read from one storage parts 
store is raised gradually in timeand a pixel output was obtained as compared with 
a current signal equivalent to a luminosity of a photographic subject read from 
other storage parts stores in this reference signal level. Thereforein an early 
perioda luminosity can be expressed in the wide range of the dynamic range 
from a dark light to a bright light by [ which raise reference level gradually with 
progress of time while setting up reference level low in time ] detecting a bright 
light. 



[0036] 

[Function]The light sensing portion in which the imaging device concerning this 
invention generates the luminosity electrical signal of a photographic subjectlt 
comprises an amplifier which amplifies a light-receiving signaltwo or more 
storage parts stores which memorize an amplification electrical signal as a 
current signala load section which transforms the current output of each storage 
parts store into voltageoperation part which calculates the output signal of a load 
sectionan outputting part which carries out the external output of the result of an 
operationand a drive control section which controls the drive of each part. 
[0037]While memorizing the current signal which is equivalent to a reference 
signal level at one storage parts store by the drive controlling by a drive control 
sectionit memorizes integrating with the current signal equivalent to the 
luminosity of a photographic subject in time to other storage parts stores. 
Subsequentlybased on the current signal read from each storage parts storea 
reference signal level is compared with the luminosity of a photographic subject 
in operation part. And based on lapsed time until the luminosity of a photographic 
subject exceeds a reference signal levelthe luminosity of the photographic 
subject which is analog quantity is convertible for a digital variable. 
[0038]According to this inventionanalog quantity called the luminosity of a 
photographic subject is convertible for a digital variable using an image sensor 
with the circuitry which calculates a time change of the luminosity of a 
photographic subject. Thereforeit is not necessary to carry an analog-to-digital 
circuit for exclusive use on a circuitand circuit structure can be controlled 
compared with other methods with an equivalent function. 
[0039]According to this inventionin the A/D conversion processing changed into a 
digital variable from analog quantitythe so-called large image pick-up of the 
dynamic range is realizable by adjusting a time [ to integrate with a reference 
signal level and the luminosity of a photographic subject ] unit. 
[0040]According to this inventionwhen changing the detecting signal of each pixel 
into a digital variable from analog quantityan image pick-up strong against what 



is called random noise can be realized by integrating with the luminosity of a 
photographic subject in time. 

[0041]According to each 3rd [ of this invention ] thru/or 5th sidean imaging 
deviceWhen it has two or more frame memoriescomparatorsand bias circuits for 
every pixel and analog-to-digital conversion is performed using themby making 
bias variablethe dynamic range can be expanded and it can reappear from a 
dark field to a bright field. 

[0042]The purposethe featureand advantage of further others of this invention 
will become clear [ rather than ] by detailed explanation based on the example 
and the drawing to attach of this invention mentioned later. 
[0043] 

[Embodiment of the lnvention]Hereafterthe example of this invention is explained 
in detailreferring to drawings. 

[0044]The circuitry of the image sensor concerning a 1st embodiment of this 
invention is typically shown in the 1st embodiment drawing 1 . As shown in the 
figurefor every sequencea vertical signal wire is constructed and an image 
sensor is constituted while the pixel 1 of a MxN individual is arranged by two- 
dimensional matrix form and a horizontal picture element driving signal group is 
constructed for every line. 

[0045]The driving clock generator 2 is a circuit which generates the clock pulse 
for driving a unit pixel. 

[0046]The vertical drive circuit 3 is supplied via a horizontal picture element 
driving signal group to each of the pixel row which consists the clock pulse 
generated in the driving clock generator 2 of M unit pixels horizontally located in 
a lineshifting operation timing. 

[0047]The output circuit 4 allocated for every pixel row carries out level 
conversion of the output signal from each pixel supplied via the vertical signal 
wire 230and outputs it to the exterior of an image sensor. 
[0048]To a horizontal driving signal track groupi.e.the driving clock pulse supplied 
to each pixel. Reset pulse phiRST (301)transfer pulse phiPTX (302)Light- 



receiving signal read pulse phiRD (303)memory TR-1 transfer-pulse phiMTX-1 
(304)Memory TR-1 short-circuit-pulse phiMEM-1 (305)memory TR-2 transfer- 
pulse phiMTX-2 (306)Memory TR-2 short-circuit-pulse phiMEM-2 (307)inverter A 
short circuit pulse phiCMPA (308)inverter B short circuit pulse phiCMPB 
(309)pixel read pulse phiPOUT (310)and reset voltage VRST (311) are contained. 
By operating these driving clock pulse to predetermined timingAD translation 
processing of a pixel output signal and other data processing are applicable to an 
image sensor. Howeverabout the operation timing of a driving clock pulseor the 
procedure of data processingit explains in detail behind. 

[0049]For exampleit is possible to apply a CMOS technology and to mount all the 
circuit modules in an image sensor as shown in drawing 1 on the same chip. 
[0050]ln drawing 2 the internal configuration of the pixel 1 arranged in an image 
sensor is illustrated. As shown in the figurelOO million copies of set [ 1st ] of 
pixels 1 comprise k storage parts stores to 40-1 to k-th storage parts store 40- 
kloads and the operation part 50the bias parts 55and the outputting parts 60 with 
the light sensing portion 10the 1st amplifier 20and the 2nd amplifier 30. 
[0051 ]The light sensing portion 10 is a photoelectric conversion part which 
changes incident light into an electrical signal. 
Generally it comprises a photo-diode (PD). 

Operation of the light sensing portion 10 is controlled by the light sensing portion 
driving signal 11. 

[0052]The 1st amplifier 20 outputs a current signal to the suitable timing specified 
by the 1st amplifier driving signal 21 while changing it into a level suitable for 
processing the current signal transmitted from the light sensing portion 10 by the 
2nd following amplifier 30. 

[0053]The 2nd amplifier 30 outputs a current signal to the suitable timing 
specified by the 2nd amplifier driving signal 31 while amplifying it even on a level 
suitable for memorizing the current signal transmitted from the 1st amplifier 20 in 
each following storage parts store 40. 

[0054]AII of k storage parts stores which consist of the 1st storage parts store 40- 



1 - k-th storage parts store 40-k are connected to the output of the 2nd amplifier 
30. 

The hold stores of the current of this amplified signal can be carried out to the 
suitable timing to which it is specified by the storage parts store driving signal 41. 
What is necessary is for a required number just to determine the number k of the 
storage parts store allocated in one pixel in following data processing. 
[0055]A load section and the operation part 50 are connected to all the outputs of 
the 1st storage parts store 40-1 - k-th storage parts store 40-k. 
While changing the output current from all or some storage parts stores 40 into 
voltagedata processing is performed to the suitable timing specified by the 
operation part driving signal 51 . 

Although the contents of the operation said here change with functions of an 
image sensorits comparison of the sum of a signalthe difference of a signaland a 
signaletc. are common. 

[0056]The bias part 55 generates the bias current for noise rejection required at 
the time of the operation in the operation part 50 according to the bias part 
driving signal 56. 

[0057]The outputting part 60 is changed into a level suitable for outputting the 
result of an operation by a load section and the operation part 50 to the signal 
wire in an image sensorand is outputted as the pixel output 70 to suitable timing 
with the outputting part driving signal 61 . 

[0058]The driving signals 1 1-61 to each part are constructed for every pixel in the 
inside of an image sensor via the horizontal picture element driving signal group 
(above-mentioned). The vertical drive circuit 3 generates these driving signals 
11 -61 and drives them per M pixel rows horizontally located in a line. 
[0059]The pixel output 70 from each pixel is mutually connected by the vertical 
signal wire 230 for every pixel row. After each vertical signal wire is changed into 
a suitable level by the output circuit 4it is taken out by the exterior of an image 
sensor as an imaging signal. 

[0060]The circuit structure of the unit pixel which realizes this invention is shown 



in drawing 3 in detail. Howeverthe unit pixel shown in the figure shall have two 
storage parts stores. Hereafterthe composition and the operating characteristic in 
the unit pixel shown in drawing 3 are explained. 

[0061 ]A photo-diode (21 1) performs photoelectric conversion according to 
incident light intensityand accumulates an electron. 
[0062]The transmission TR (212) comprises an MOS (Metal-Oxide 
Semiconductor: metal oxide semiconductor) transistor (n-MOS) of an n 
channelWhile a photo-diode (21 1) is connected to the sauce sidethe gate of the 
amplifier TR (214) is connected to the drain side. While transfer pulse phiPTX 
(302) inputted into the gate of the transmission TR (212) is high-levelare one [ a 
transistor (212) ]and the electron accumulated in the photo-diode (211) is 
transmittedand is used as gate potential of the amplifier TR (214). Gate potential 
of the amplifier TR (214) at this time is set to VFD (240). 
[0063]The reset TR (213) comprises an n-MOS transistorand while the sauce 
side is connected to the drain of the transmission TR (212)and the gate of the 
amplifier TR (214)reset voltage VRST (31 1) is impressed to the drain side. And 
while reset pulse phiRST (301) inputted into the gate of the reset TR (213) is 
high-levelthe gate potential VFD (240) of the amplifier TR (214) settles in the 
value which becomes settled by reset voltage VRST (31 1). 
[0064]The amplifier TR (214) comprises an n-MOS transistor and a gate is 
connected to the drain of the transmission TR (212)and the sauce of the reset TR 
(213) (above-mentioned)As for the sauce sidewhile being connected to the light- 
receiving signal read-out switch (216)power supply voltage (VDD) is impressed 
to the drain side. The amplifier TR (214) can send the current according to the 
gate potential VFD (240) through sauce from a drainwhile the light-receiving 
signal read-out switch (216) is turned on. 

[0065]The current mirror circuit (215) comprises two n-MOS transistorsand the 
drain side is connected to the light-receiving signal read-out switch (216) while 
the sauce side of each transistor is grounded. While the light-receiving signal 
read-out switch (216) is turned on in the current mirror circuit (215)lt has the work 



which amplifies the value of the current which flows in from the amplifier TR (214) 
by the size ratio (rate according to the ratio of gate width if the gate length of a 
transistor is specifically the same) of two transistors which constitute a current 
mirror. 

[0066]Each of two transistors which constitutes a light-receiving signal read-out 
switch (216) comprises an n-MOS transistor. The sauce side of each of this 
transistor is connected to the current mirror circuit (215). While being connected 
to the sauce of the amplifier TR (214)the drain side of one transistorThe drain 
side of the transistor of another side is connected to the saucethe load TR 
(231)and the capacitor A (225) of memory TR-1 transfer switch (217) and 
memory TR-2 transfer switch (220). 

[0067]While light-receiving signal read pulse phiRD (303) inputted into the gate of 
each transistor which constitutes a light-receiving signal read-out switch (216) is 
high-levelThe current which passes the amplifier TR (214) flows into a current 
mirror circuit (215)and a current mirror circuit (215) amplifies current according to 
the size ratio of each transistor. The amplified current flows into memory TR-1 
(219) via memory TR-1 transfer switch (217)or flows into memory TR-2 (222) via 
memory TR-2 transfer switch (220). 

[0068]Memory TR-1 transfer switch (217) comprises an n-MOS transistorandas 
for the sauce sideis connected to the drain of the sauce of memory TR-2 transfer 
switch (220)the load TR (231) and the capacitor A (225)and a light-receiving 
signal read-out switch (216). The drain side is connected to the sauce of the 
drain of memory TR-1 (219)and memory TR-1 short circuiting switch (218). And 
while being high-levelthe memory TR-1 transfer pulsei.e.phiMTX-1 which are 
inputted into a gate (304)it serves to send current to memory TR-1 (217). 
[0069]When light-receiving signal read pulse phiRD (303) of the period which 
makes high-level memory TR-1 transfer-pulse phiMTX-1 (304) corresponds in 
the period which becomes high-levelThe current which flows through memory 
TR-1 (217) is the current amplified by the current mirror circuit (215)and memory 
TR-1 (217) can memorize this current. On the other handwhen in agreement in 



the period which makes phiMTX-1 (304) the high level of load TR pulse phiVL 
(312) which the period made high-level mentions later. The current memorized 
by memory TR-1 (217) will flow into the load TR (231)namelya memory content 
will be read. 

[0070]Memory TR-1 short circuiting switch (218) comprises an n-MOS 
transistorand the drain side is connected to the gate of memory TR-1 (219) while 
the sauce side is connected to the drain of memory TR-1 transfer switch (217). 
And while memory TR-1 short-circuit-pulse phiMEM-1 (305) inputted into a gate 
is high-levelit serves to short-circuit the gate and sauce of memory TR-1 (219). 
[0071]While memory TR-1 (219) comprises a MOS transistor (p-MOS) of a p 
channel and the sauce side is connected to power supply voltage (VDD)The 
drain side is connected to the sauce of the drain of memory TR-1 transfer switch 
(217)and memory TR-1 short circuiting switch (218). And since the gate is 
connected to the drain of memory TR-1 short circuiting switch (218)Since it will 
be in the state where the gate and the drain short-circuited while memory TR-1 
short-circuit-pulse phiMEM-1 (305) is high-levelit will operate in a saturation 
region and the current according to gate potential = drain potential will flow. 
[0072]While memory TR-1 short-circuit-pulse phiMEM-1 (305) has a low 
levelmemory TR-1 (219)As long as gate potential is maintained by comparatively 
small gate capacitance and other parasitic capacitancewhile memorizing the 
current which flowed previouslyit is possible to send the current again (current 
copia operation). In this meaningmemory TR-1 (219) can operate as the 1st 
storage parts store 40-1 shown in drawing 2 . And since gate capacitance is 
smallthis storage operation has the merit that it can carry out at high speed. 
[0073]About memory TR-2 transfer switch (220)memory TR-2 short circuiting 
switch (221) and the kind of memory TR-2 (222)a junction stateand an operating 
characteristic. The timing of memory TR-2 transfer-pulse phiMTX-2 (306) and 
memory TR-2 short-circuit-pulse phiMEM-2 (307) is also includedMemory TR-1 
transfer switch (217)memory TR-1 short circuiting switch (218)and the kind of 
memory TR-1 (219)Since it is the same as that of the timing of junction 



stateoperating characteristicand memory TR-1 transfer-pulse phiMTX-1 (304) 
and memory TR-1 short-circuit-pulse phiMEM-1 (305)explanation is omitted in 
this specification. 

[0074]While the load TR (231) comprises an n-MOS transistor and the sauce 
side is groundedThe drain side is connected to the drain of a light-receiving 
signal read-out switch (216)the sauce of memory TR-1 transfer switch (217) and 
memory TR-2 transfer switch (220)and the capacitor A (225). And while load TR 
pulse phiVL (312) inputted into a gate is high-levelthe voltage according to the 
flowing current occurs in the drain side of the load TR (231). 
[0075]With the composition according [ the inverter A (224) ] to general n-MOS 
transistor and p-MOS transistorthe capacitor A (225) is connected to (it does not 
illustrate) and an input sideand the capacitor B (228) is connected to the output 
siderespectively. The sauce and the drain of the inverter A short circuiting switch 

(223) are connected to the input side and output side of the inverter A 

(224) respectively. 

[0076]An inverter A short circuiting switch (223) comprises an n-MOS 
transistorand sauce and a drain are connected to the input side and output side 
of the inverter A (224)respectively (howeverthe reverse may be sufficient as the 
correspondence relation of connection). And while inverter A short circuit pulse 
phiCMPA (308) inputted into the gate is high-levelthe input side and output side 
of the inverter A (225) are short-circuited. 

[0077]Since the input side and output side of the inverter A (225) connect too 
hastily while the inverter A short circuiting switch (223) is turned onthe output 
voltage settles in the voltage of power supply voltage which is mostly equivalent 
to a half. This voltage is made into operating voltage V in v-A of the inverter A (225). 
[0078]On the other handwhile the inverter A short circuiting switch (223) is come 
by offthe potential of an output side is determined according to the potential 
generated in the capacitor A (225) of the input side of the inverter A (225). 
[0079]The inverter B (227) is the composition by general n-MOS transistor and p- 
MOS transistorand while the capacitor B (228) is connected to an input sidethe 



drain of the pixel read-out switch (229) is connected to the output side. The 
sauce and the drain of the inverter B short circuiting switch (226) are connected 
to the input side and output side of the inverter B (227)respectively. 
[0080]An inverter B short circuiting switch (226) comprises an n-MOS 
transistorand sauce and a drain are connected to the input side and output side 
of the inverter B (227)respectively (howeverthe reverse may be sufficient as the 
correspondence relation of connection). And while inverter B short circuit pulse 
phiCMPB (309) inputted into the gate is high-levelthe input side and output side 
of the inverter B (227) are short-circuited. 

[0081]Since the input side and output side of the inverter B (227) connect too 
hastily while the inverter B short circuiting switch (226) is turned onthe output 
voltage settles in the potential of power supply voltage which is mostly equivalent 
to a half. This voltage is made into operating voltage Vinv-B of the inverter B (227). 
[0082]On the other handwhile the inverter B short circuiting switch (226) is come 
by offthe voltage according to the potential generated in the capacitor B (228) in 
the input side of the inverter B (227) appears in an output side. 
[0083]A pixel read-out switch (229) comprises an n-MOS transistorand while the 
sauce side is connected to a vertical signal wire (230)the drain side is connected 
to the drain (or sauce) of an inverter B short circuiting switch (226) at the output 
list of the inverter B (227). And while pixel read pulse phiPOUT (310) inputted 
into the gate is high-levelthe voltage level according to the output voltage of the 
inverter B (227) will occur in a vertical signal wire (230). 
[0084]ln the unit pixel shown in drawing 3 the principle figure which changes into 
a digital variable the luminosity which is analog quantity is shown in drawing 4 . 
[0085]VFD is the gate potential of the amplifier TR (214) of drawing 3 (above- 
mentioned)and is reset in the usual operation by the reset level decided by reset 
voltage equal to power supply voltage. 

[0086]lf light is irradiated by the photo-diode (21 1)the electron by which 
photoelectric conversion was carried out will be accumulated. This accumulation 
electron is transmitted to the gate side of the amplifier TR (214) by one [ the 



transmission TR (212) ]. As a resultthe gate potential VFD (240) falls from a reset 
level. 

[0087]The degree to which this voltage falls is proportional to the quantity of the 
electron transmittedor the electron number which accumulated in the photo-diode 
(211)and this is equivalent to incident light intensity. Thereforethe fall of the gate 
potential VFD (240) becomes steepso that a bright light entersand VFD (240) will 
fall gentlyso that incident light is conversely dark. 

[0088]lf character which was mentioned above is usedbased on a triangular 
similarity relationeach following formula can express each brightness level VH of 
a bright light shown with the line Hfor example in drawing 4 the light of the middle 
luminosity of the line Mand a dark light of the line LVMand VL. namely[0089] 
[Equation 1] 

VH = TS-delta VR/TH (formula 1) 
VM = TS-delta VR/TM (formula 2) 
VL = TS-delta VR/tangent line (formula 3) 

[0090]Howeverin each formulaTHTMand tangent line express time when the 
reference level decided when each showing a luminosity of the line HMand L 
makes reset voltage reference voltage is intersected. 
[0091 ]As shown also in drawing 4 and each formulait becomes possible to 
express the luminosity of incident light as a function of time. That isif the time by 
the moment the gate potential VFD (240) which falls whenever one [ a photo- 
diode / a photo-diode (21 1) begins to accumulate lightzero / time /and / the 
transmission TR (212) ] reaches reference level is detectedit can ask for the 
luminosity of incident light. 

[0092]lf the timing [ one / timing / the transmission TR (212) ] is counted as time 
of a predetermined sampling period deltaT unit at this timeThe time 
(namelyproduct of periodic deltaT and counted value n) of the moment VFD 
(240) reaches reference level can be obtained as a digital variable (namelyAD 
translation result) of the luminosity of a photographic subject. 
[0093]The value of the gate potential VFD (240) is not compared reference level 



and directlyThe current generated when the gate potential VFD (240) is 
reference levelBy comparing the current generated with the gate potential VFD 
(240) which changes every moment whenever one [ the transmission TR 
(212) ]when light is irradiated shows easily that detection of a luminosity is 
possible similarly. 

[0094]Nowthe general formula of the following obtained from above-mentioned - 
(formula 1) (formula 3) is considered here. 
[0095] 
[Equation 2] 

VD = TS-delta VR/TD (formula 4) 

[0096]When (the formula 4) is plotted on a graphit turns out that it becomes like 
drawing 5 and the luminosity VD called for from detected time TD is in inverse 
proportion. Between luminosity VD* and detected time TDa linear relation is 
materialized by transforming (the formula 4) as follows. If (the formula 5) is 
plotted on a graphit will become like drawing 6 . 
[0097] 
[Equation 3] 

VD* = TS-delta VR-TD (formula 5) 

[0098]Herethe following expressions of relations materialized between the 
luminosity VD and VD* can be found by eliminating detected time TD using (the 
formula 4) (formula 5). 
[0099] 
[Equation 4] 

VD* = TS-delta VR (1-1 A/D) (formula 6) 

[0100]lf an expression of relations (formula 6) with VD and VD* is plotted on a 
graphit will become like drawing 7 . Since luminosity VD* is emphasizing the dark 
field to the luminosity VD which expressed the output of photo-diode PD (211) as 
it was as shown in the figurethe good picture of contrast which clarified will be 
given. 

[0101]ln order to acquire the picture (that iscontrast is big) which emphasized 



such a dark fieldgenerally the picture which log transformed to the luminosity VD 
is used in many cases. That isin addition to the non-line type conversion (the 
formula 4)it is necessary to perform a non-line type conversion called logarithmic 
transformation furtherand it is clear that there are not few burdens of a processor. 
[0102]On the other handin this exampleif the luminosity is expressed only by 
linear transform like (the formula 5) from the beginningthe picture with big 
contrast which clarified can be acquired easily. 

[0103]Thusit becomes possible to change analog quantity called a luminosity into 
the digital variable quantized by time information TD sampled in the unit of time 
amount. Howevera luminosity signal is yielded to the after-mentioned about the 
detailed procedure of the processing which carries out an AD translation. 
[01 04]lt depends for the number of bits of a digital variable on the fineness of 
sampling deltaT of time information. 

[0105]ln the unit pixel shown in drawing 3 the operation timing chart for acquiring 
the signal for changing into a digital variable the luminosity which is analog 
quantity is shown in drawing 8 . In the unit pixel shown in drawing 3 the operation 
flow chart for acquiring the signal for changing into a digital variable the 
luminosity which is analog quantity is shown in drawing 9 . Hereafterthe operation 
for carrying out the AD translation of the output of a photo-diode (21 1) in the unit 
pixel of drawing 3 is explained in detailreferring to drawing 8 and drawing 9 . 
[0106]Firstthe variable n used as a time counter is set as 1 (Step S1). And reset 
voltage VRST (31 1) is set as the signal level (reference voltage) used as the 
standard of a luminosity (Step S2). 

[0107]By impressing transfer pulse phiPTX (302) to the gate of the transmission 
TR (212)subsequentlythe (step S3)The residual electron accumulated in the 
photo-diode (211) in the period before it is transmitted to the gate side of the 
amplifier TR (214) (step S4)and transfer pulse phiPTX (302) is again returned to 
a low level (Step S5). Howeverthe signal which appears in the gate of the 
amplifier TR (214) at this time is not used. 

[0108]By impressing reset pulse phiRST (301) to the gate of the reset TR 



(213) subsequentlythe (step S6)The gate potential VFD (240) of the amplifier TR 

(214) is set as the reference level corresponding to reference voltage (Step 
S7)and reset pulse phiRST (301) is again returned to a low level (Step S8). 
[0109]Subsequentlyin order to make memory TR-1 (219) memorize the current 
corresponding to the reference level set up as mentioned aboveLight-receiving 
signal read pulse phiRD (303)memory TR-1 transfer-pulse phiMTX-1 (304)and 
memory TR-1 short-circuit-pulse phiMEM-2 (305) are impressed simultaneously 
(step S9). 

[01 10]Since the gate potential VFD (240) of the amplifier TR (214) has reference 
level set up previously at this timethe current according to that level flows into the 
amplifier TR (214). Since the light-receiving signal read-out switch (216) is turned 
onthe current (hereafter referred to as "1-1") amplified by the current mirror circuit 

(215) will flow through memory TR-1 (219) via memory TR-1 transfer switch 
(217). Howeversince the memory TR-1 short circuiting switch (218) is turned 
onmemory TR-1 (219) is operating in the saturation region. 

[0111]And when memory TR-1 short-circuit-pulse phiMEM-1 (305) is returned to 
a low level (Step S10)memory TR-1 short circuiting switch (218) becomes offand 
memory TR-1 (219) will memorize the current 1-1 which was flowing until now 
(StepS11). 

[01 12]At this timea light-receiving signal read-out switch (216) and memory TR-1 
transfer switch (217)Since it is necessary to keep the state of one long a little 
rather than memory TR-1 short circuiting switch (218) becomes offthe timing 
which returns light-receiving signal read pulse phiRD (303) and memory TR-1 
transfer-pulse phiMTX-1 (304) to a low level has been shifted (Step S12). 
[01 13]As explained abovethe current 1-1 equivalent to the reference level of a 
luminosity is memorizable to memory TR-1 (219) by Steps S1-S12. 
[01 14]ln the processing after Step S13the timing (point that the straight line 
showing a luminosity intersects reference level in drawing 4 ) which the size 
relation of the luminosity of a photographic subject and reference level reverses 
is detected as compared with the above-mentioned reference levelreading the 



luminosity of a photographic subject one by one for every constant period. 

[01 15]Firstreset voltage VRST (31 1) is set as power supply voltage (Step S13). 

[01 16]By impressing reset pulse phiRST (301) to the gate of the reset TR 

(213) subsequentlythe (step S14)The gate potential VFD (240) of the amplifier TR 

(214) is set as the reset level corresponding to reset voltage VRST (Step 
S15)and reset pulse phiRST (301) is again returned to a low level (Step S16). 
[01 17]Heretransfer pulse phiPTX (302) is impressed to the gate of the 
transmission TR (212) (Step S17). Since it is after transmitting the residual 
electron accumulated in the photo-diode (211) by this (Steps S3-S5)The electron 
(electron by which it was generated in the light-receiving period (1) of the timing 
chart of drawing 8 ) by which it was newly generated by photoelectric conversion 
is transmitted to the gate side of the amplifier TR (214) (Step S18). And transfer 
pulse phiPTX (302) is again returned to a low level (Step S19). 

[01 18]Memory TR-2 (222) can be made to memorize the current decided with the 
number of the electrons transmitted to the gate side of the amplifier TR (214) by 
Steps S20-S23. 

[0119]Firstlight-receiving signal read pulse phiRD (303)memory TR-2 transfer- 
pulse phiMTX-2 (306)And the current amplified by (Step S20) and the current 
mirror circuit (215) flows into memory TR-2 (222) by impressing simultaneously 
memory TR-2 short-circuit-pulse phiMEM-2 (307). That isthe signal current 
(hereafter referred to as "I-2") according to the electron number generated in the 
light-receiving period (1) flows into memory TR-2 (222). Howeversince the 
memory TR-2 short circuiting switch (221) is turned onmemory TR-2 (222) is 
operating in the saturation region. 

[0120]And when memory TR-2 short-circuit-pulse phiMEM-2 (307) is returned to 
a low level (Step S21)memory TR-2 short circuiting switch (221) becomes offand 
memory TR-2 (222) will memorize the current I-2 which was flowing until now 
(Step S22). 

[0121]At this timea light-receiving signal read-out switch (216) and memory TR-2 
transfer switch (220)Since it is necessary to keep the state of one long a little 



rather than memory TR-2 short circuiting switch (221) becomes off after allThe 
timing which returns light-receiving signal read pulse phiRD (303) and memory 
TR-2 transfer-pulse phiMTX-2 (306) to a low level is shifted (Step S23). 
[0122]By Steps S20-S23memory TR-2 (222) memorizeswhile the current 
according to the luminosity of the photographic subject finds the integral in time. 
[0123]Furthermorehenceforth [ following Step S24 ]l-2 is compared with the 
current 1-1 memorized by memory TR-1 (219) and memory TR-2 
(222)respectively. 

[0124]Firsteach transistor is made one by impressing memory TR-2 transfer- 
pulse phiMTX-2 (306) and load TR pulse phiVL (312) to each gate of memory 
TR-2 transfer switch (220) and the load TR (231). As a resultthe current I-2 
memorized by memory TR-2 (222) flows into the load TR (231)and the load 
voltage (hereafter referred to as "V2") according to that current value occurs in 
the drain side (Step S24). 

[0125]At this timesimultaneouslyinverter A short circuit pulse phiCMPA (308) and 
inverter B short circuit pulse phiCMPB (309) are impressed to each gate of an 
inverter A short circuiting switch (223) and an inverter B short circuiting switch 
(226)and each transistor is made one. As a resulteach input and output of the 
inverter A (224) and the inverter B (227) can be short-circuited (Step S25). By 
thisthe output voltage of the inverter A (224) and the inverter B (227) serves as 
operating-point-voltage Vinv-A of each inverterand Vi nv -B. 

[0126]Subsequentlyinverter A short circuit pulse phiCMPA (308) is first made into 
a low leveland an inverter A short circuiting switch (223) is turned OFF (Step 
S26). As a resultalthough the output voltage of the inverter A (224) is changed a 
little from the short circuit timeit shows the value almost near operating point 
voltage (it is hereafter considered as "Vinv-A2")and an output becomes final and 
conclusive it. The output when the voltage (V2) generated when the current I-2 
flows into the load TR (231) is added to the capacitor A (225) will be supported 
by the output determined value (Step S27). 

[0127]At this timethe value near the voltage (V2) generated when the current I-2 



flows into the load TR (231)and the operating point voltage of the inverter A (224) 
is impressed to the both ends of the capacitor A (225) (it is hereafter considered 

as "Vinv-Al"). 

[0128]On the other handsince the inverter B (227) is still a short condition at this 
timea small change of the output voltage of the inverter A in Step S26 (224) has 
not appeared in the output of the inverter B (227). 

[0129]Subsequentlyan inverter B short circuiting switch (226) is turned OFF by 
making inverter B short circuit pulse phiCMPB (309) into a low level (Step S28). 
As a resultalthough changed a little [ of the inverter B (227) / output voltage mist 
beam ]the value almost near operating point voltage is maintained (it is hereafter 
considered as "Vi nv -B2")and an output is become final and conclusive. The voltage 
(V2) which this output determined value generates when the current I-2 flows into 
the load TR (231) The capacitor A (225). The output when added to the inverter 
B (227) via the inverter A (224) and the capacitor B (228) will be supported (Step 
S29). 

[0130]And at this timethe value (hereafter referred to as "Vinv-B1") near output 
voltage Vj n v-A2 of the inverter A (224) and the operating point voltage of the 
inverter B (228) is impressed to the both ends of the capacitor B (228). 
[0131]By returning memory TR-2 transfer-pulse phiMTX-2 (306) and load TR 
pulse phiVL (312) to a low leveland turning OFF memory TR-2 transfer switch 
(220) and load TR (231) in this stateRead-out of the current I-2 memorized by 
memory TR-2 (222) is completed (Step S30). 

[0132]Subsequentlywhile making load TR pulse phiVL (312) high-level againthe 
load TR (231) and memory TR-1 transfer switch (217) are made one by making 
high-level simultaneously memory TR-1 transfer-pulse phiMTX-1 (304) (Step 
S31). As a resultthe current 1-1 memorized by memory TR-1 (219) flows into the 
load TR (231)and the voltage (hereafter referred to as "V1") corresponding to 
that current value occurs in the drain side. 

[0133]And if this voltage V1 is lower than the voltage V2 generated for the load 
TR (231) when the current I-2 flows previouslythe inverter A (224) side potential 



of the capacitor A (225)Only V2-V1 will descend from previous VWai 
(howeversuppose that it is in such a small situation that the input capacitance of 
the inverter A (224) can be disregarded). 

[0134]Thereforethe output of the inverter A (224) will rise from Vi nv -A2as a 
resultthe inverter B (227) side potential of the capacitor B (228) will riseand the 
output voltage of the inverter B (227) will descend. 

[0135]On the contraryif the voltage V1 is higher than the voltage V2as for the 
inverter A (224) side potential of the capacitor A (225)only V1-V2 will go up from 
Vinv-Ai. The output of (howeversuppose that it is in such a small situation that the 
input capacitance of the inverter A (224) can be disregarded) and the inverter A 
(224) descends from Vi nv -A2. As a resultthe inverter B (227) side potential of the 
capacitor B (228) will also descendand the output voltage of the inverter B (227) 
will rise. 

[0136]That issince V1 will become high from V2 also in the voltage generated for 
the load TR (231) if the current 1-1 memorized by memory TR-1 (219) is larger 
than the current I-2 memorized by memory TR-2 (222)the output of the inverter B 
(228) becomes high. On the contraryif the current 1-1 is smaller than l-2the output 
of the inverter B (228) will become low. If it summarizessize comparison of two 
current memorized will be attained by such an operating characteristic (Step 
S32). 

[0137]By changing pixel read pulse phiPOUT (310) high-leveland carrying out a 
pixel read-out switch (229) to one in this stateln a vertical signal wire (230)the 
output level of the inverter B (228) will appear according to the current 1-1 and the 
comparison result of I-2 (Step S33). And pixel read pulse phiPOUT (310) is 
returned to a low level (Step S34)Thena series of pixel reading operation is made 
to complete by returning memory TR-1 transfer-pulse phiMTX-1 (304) and load 
TR pulse phiVL (312) with a low level (Step S35). 

[0138]At this timethe level of a vertical signal wire (230)i.e.the output level of the 
pixel read this timedistinguishes whether it is which level of a low or a high (Step 
S36). The level judging of a vertical signal wire (230) is performed by the 



computing unit (not shown) mounted on the same chip as an image sensoror 
another chip. 

[0139]lf a vertical signal wire (230) is high-levelthe current 1-1 is understood that 
it is larger than l-2or the signal level by incident light is lower than reference level. 
That issince it can judge that incident light became bright and crossed reference 
levelvalue deltaTxn which carried out multiplication to sampling period deltaT 
with the time counter value n is outputted as time information (Step S37)and this 
whole manipulation routine shown in drawing 9 is ended. 
[0140]On the other handif the level of a vertical signal wire (230)i.e.the output 
level of the pixel read this timeis a low levelOnly 1 ************** s time counter n 
(Step S38)and the step or below which returns to Step S17 and transmits the 
electric charge of a photo-diode (21 1) is repeatedly performed until a vertical 
signal wire (230) changes high-level. 

[0141]The circuit module for calculating time counter n can be mounted on the 
same chip as an image sensoror another chip. 

[0142]Time information deltaTxn outputted by the manipulation routine shown in 

drawing 9 is the time of the moment VFD (240) reaches reference level. 

It is equivalent to the result of having changed the luminosity of the incident light 

in a photo-diode (21 1) into the digital variable (above-mentioned). 

In other wordsin an image sensorthe photodiode output in each pixel of an image 

sensor is convertible for a digital value from an analog value by the manipulation 

routine shown in drawing 9 . 

[0143]Thusin order to realize an AD translation in an image sensorplease 
understand enough the point that what is necessary is just to output to the timing 
to driving clock show [ 2 ] drawing 8 each driving clock pulse. 
[0i44]He is trying to discharge the electron which already accumulated in the 
photo-diode (211) in reference level storage duration by taking out transfer pulse 
phiPTX (302) before reset pulse phiRST (301 )as shown in the timing chart of 
drawing 8 of operation. As a resultit becomes possible to make regularity light- 
receiving time each time it can make it equal to the light-receiving period after it 



(2)and (3) -a period (1)i.e.a light-receiving perioduntil transfer pulse phiPTX 

(302) is impressed nextand minces it each time. 

[0145]According to the image sensor concerning this examplein the A/D 
conversion processing changed into a digital variable from analog quantitythe so- 
called large image pick-up of the dynamic range is realizable by adjusting a time 
[ to integrate with a reference signal level and the luminosity of a photographic 
subject ] unit. 

[0146]According to the image sensor concerning this examplewhen changing the 
detecting signal of each pixel into a digital variable from analog quantityan image 
pick-up strong against what is called random noise can be realized by integrating 
with the luminosity of a photographic subject in time. 
[0147]ln the image sensor of composition of being shown in drawing 1 the 
operation timing chart for acquiring the signal which changed into the digital 
variable the luminosity which is analog quantity is shown in drawing 10 . 
[0148]More specificall ydrawing 10 shows the timing of the driving clock given to 
the pixel of the 1st line and the pixel of the 2nd line in two periodsthe reference 
level storage duration in the unit pixel operation timing chart of drawing 8 and a 
comparison period (1). 

[0149]ln the period when reset voltage VRST (31 1) is set as reference voltageTo 
all the M pixels located in a line with the 1st linefirstreset pulse phiRST 
(301)Transfer pulse phiPTX (302)light-receiving signal read pulse phiRD 

(303) memory TR-1 transfer-pulse phiMTX-1 (304)and memory TR-1 short-circuit- 
pulse phiMEM-1 (305) are impressed all at once to the timing currently illustrated. 
[0150]Subsequentlyall the M pixels located in a line with the 2nd line are shortly 
received after a certain fixed time lapseReset pulse phiRST (301)transfer pulse 
phiPTX (302)light-receiving signal read pulse phiRD (303)memory TR-1 transfer- 
pulse phiMTX-1 (304)and memory TR-1 short-circuit-pulse phiMEM-1 (305) are 
impressed all at once. 

[0151]And the driving clock with which the phase shifted from the 3rd line or 
subsequent ones similarly to the pixel of up to N line is impressed one by one 



(not shown). Thusin all the unit pixelsthe current corresponding to reference level 
is memorizable to memory TR-1 (219). 

[01 52]lf the end of storage operation is carried out to N linereset voltage VRST 
(31 1) will be set as power supply voltage nextTo all the M pixels located in a line 
with the 1st linereset pulse phiRST (301)Transfer pulse phiPTX (302)light- 
receiving signal read pulse phiRD (303)The current decided by the electron 
number by which photoelectric conversion was carried out in the light-receiving 
period (1) is memorizable to memory TR-2 (222) by impressing all at once to the 
timing which is having memory TR-2 transfer-pulse phiMTX-2 (306) and memory 
TR-2 short-circuit-pulse phiMEM-2 (307) illustrated. 

[0153]lmmediately after thatmemory TR-2 transfer-pulse phiMTX-2 (306)load TR 
pulse phiVL (312)inverter A short circuit pulse phiCMPA (308)and inverter B 
short circuit pulse phiCMPB (309) are impressedThe current memorized by 
memory TR-2 (222) is read and it changes into voltage by the load TR (231). 
[0154]Thenwhile impressing memory TR-1 transfer-pulse phiMTX-1 (304) and 
load TR pulse phiVL (312)reading the current memorized by memory TR-1 (219) 
and changing into voltage in the load TR (231)comparison with the voltage read 
previously is performed. And the output voltage of the inverter B (227) produced 
as a result of comparison is read to a vertical signal wire (230) by impressing 
pixel read pulse phiPOUT (310) to the gate of a pixel read-out switch (229). 
[0155]To all the M pixels located in a line with the 2nd lineand reset pulse 
phiRST (301)Transfer pulse phiPTX (302)light-receiving signal read pulse phiRD 
(303)The current decided by the electron number by which photoelectric 
conversion was carried out in the light-receiving period (1) is memorized to 
memory TR-2 (222) by impressing memory TR-2 transfer-pulse phiMTX-2 (306) 
and memory TR-2 short-circuit-pulse phiMEM-2 (307) all at once like the 1st line. 
[0156]lmmediately after thatmemory TR-2 transfer-pulse phiMTX-2 (306)load TR 
pulse phiVL (312)inverter A short circuit pulse phiCMPA (308)and inverter B 
short circuit pulse phiCMPB (309) are impressedThe current memorized by 
memory TR-2 (222) is read and it changes into voltage by the load TR (231). 



[0157]Thenwhile impressing memory TR-1 transfer-pulse phiMTX-1 (304) and 
load TR pulse phiVL (312)reading the current memorized by memory TR-1 (219) 
and changing into voltage by the load TR (231)comparison with the voltage read 
previously is performed. And the output voltage of the inverter B (227) produced 
as a result of comparison is read to a vertical signal wire (230) by impressing 
pixel read pulse phiPOUT (310) to the gate of a pixel read-out switch (229). 
[0158]And by impressing the driving clock with which the phase shifted from the 
3rd line or subsequent ones similarly to the pixel of up to N line one by oneln all 
the unit pixelsthe signal current proportional to the light-receiving intensity 
memorized by the current and memory TR-2 corresponding to the reference level 
memorized by memory TR-1 (219) (222) can be compared. 
[0159]Each of the unit pixel in the image sensor concerning this example can 
apply data processing other than an AID conversion to a photodiode output by 
switching the timing between each clock pulse which the driving clock generator 
2 outputsi.e.driving mode. For examplein each unit pixela time change of a 
luminosity can be calculated and the time it becomes steep changing can be 
detected. 

[0160]ln the unit pixel shown in drawing 3 a time change of a luminosity is 
calculated in drawing H and the operation timing chart of each clock pulse for 
detecting the time it becomes steep changing is shown in it. A time change of a 
luminosity is calculated to drawing 12 and the operation flow chart in each unit 
pixel for detecting the time it becomes steep changing is shown in it. Hereafterit 
explainsreferring to drawing 1 1 and drawing 12 . 

[0161]Firstthe variable n used as a time counter is set as 1 (Step S51). And reset 
voltage VRST (31 1) is set as power supply voltage (Step S52). 
[0162]Subsequentlyby impressing reset pulse phiRST (301) to the gate of the 
reset TR (213)The gate potential VFD (240) of the amplifier TR (214) is set as 
the reset level corresponding to power supply voltage (Step S53)and reset pulse 
phiRST (301) is again returned to a low level. 

[0163]And the electron accumulated in the photo-diode (21 1) is transmitted to the 



gate side of the amplifier TR (214) (Step S54). This processing is equivalent to 
the operation which sweeps out and initializes all the electrons collected on the 
photo-diode (211)before starting an operationbut (initialization period of drawing 
11). after [ which impresses transfer pulse phiPTX (302) to the gate of the 
transmission TR (212) ] carrying outit is carried out by returning transfer pulse 
phiPTX (302) to a low level again. 

[0164]Subsequentlyby impressing reset pulse phiRST (301) to the gate of the 
reset TR (213) againThe gate potential VFD (240) of the amplifier TR (214) is set 
as the reset level corresponding to power supply voltage (Step S55)and reset 
pulse phiRST (301) is again returned to a low level. 

[0165]And the electron which photoelectric conversion is carried out to the light- 
receiving period (1) of drawing H and is accumulated in it by the photo-diode 
(21 1) is transmitted to the gate side of the amplifier TR (214) (Step S56). This 
processing is performed by returning transfer pulse phiPTX (302) to a low level 
againafter impressing transfer pulse phiPTX (302) to the gate of the transmission 
TR (212). 

[0166]At this timethe gate potential VFD (240) of the amplifier TR (214) is 
decided with the number of the electrons transmitted above. In order to make 
memory TR-1 (219) memorize the current generated as a resulteach transistor 
should just operate as follows. 

[01 67]Firstif light-receiving signal read pulse phiRD (303)memory TR-1 transfer- 
pulse phiMTX-1 (304)and memory TR-1 short-circuit-pulse phiMEM-1 (305) are 
impressed simultaneouslythe generating current mentioned above will flow into 
the amplifier TR (214). Since the light-receiving signal read-out switch (216) is 
turned onthe current (hereafter referred to as "1-1") amplified by the current mirror 
circuit (215) will flow into memory TR-1 (219) via memory TR-1 transfer switch 
(217). Howeversince the memory TR-1 short circuiting switch (218) is turned 
onmemory TR-1 (219) at this time is operating in the saturation region. 
[0168]And when memory TR-1 short-circuit-pulse phiMEM-1 (305) is returned to 
a low levelmemory TR-1 short circuiting switch (218) becomes offand memory 



TR-1 (219) will memorize the current 1-1 which was flowing until now (Step S57). 
[0169]At this timea light-receiving signal read-out switch (216) and memory TR-1 
transfer switch (217)Since it is necessary to keep the state of one long a little 
rather than memory TR-1 short circuiting switch (218) becomes offthe timing from 
which light-receiving signal read pulse phiRD (303) and memory TR-1 transfer- 
pulse phiMTX-1 (304) are set to a low level has been shifted. 
[0170]As explained abovethe current 1-1 which is equivalent to the number of the 
electrons by which photoelectric conversion was carried out in the light-receiving 
period (1) by processing of Steps S55-S57 is memorizable to memory TR-1 (219). 
[0171]Subsequentlyby impressing reset pulse phiRST (301) to the gate of the 
reset TR (213)The gate potential VFD (240) of the amplifier TR (214) is set as 
the reset level corresponding to power supply voltage (Step S58)and reset pulse 
phiRST (301) is again returned to a low level. 

[0172]And the electron by which it was generated in the light-receiving period (2) 
in the timing chart of drawing 1 1 is transmitted to the gate side of the amplifier TR 
(214) (Step S59). This processing is performed by returning transfer pulse 
phiPTX (302) to a low level againafter impressing transfer pulse phiPTX (302) to 
the gate of the transmission TR (212). 

[0173]At this timethe gate potential VFD (240) of the amplifier TR (214) is 
decided with the number of the electrons transmitted above. In order to make 
memory TR-2 (222) memorize the current generated as a resulteach transistor 
should just operate as follows. 

[0174]The generating current mentioned above flows into the amplifier TR (214) 
by impressing simultaneously light-receiving signal read pulse phiRD 
(303)memory TR-2 transfer-pulse phiMTX-2 (306)and memory TR-2 short-circuit- 
pulse phiMEM-2 (307). Since the light-receiving signal read-out switch (216) is 
turned onthe current (hereafter referred to as "I-2") amplified by the current mirror 
circuit (215) will flow into memory TR-2 (222) via memory TR-2 transfer switch 
(220). Howeversince the memory TR-2 short circuiting switch (221) is turned 
onmemory TR-2 (222) at this time is operating in the saturation region. 



[0175]Herewhen memory TR-2 short-circuit-pulse phiMEM-2 (307) is returned to 
a low levelmemory TR-2 short circuiting switch (222) becomes offand memory 
TR-2 (222) will memorize the current I-2 which was flowing until now (Step 60). 
[0176]At this timea light-receiving signal read-out switch (216) and memory TR-2 
transfer switch (220)Since it is necessary to keep the state of one long a little 
rather than memory TR-2 short circuiting switch (221) becomes off after allthe 
timing from which light-receiving signal read pulse phiRD (303) and memory TR- 
2 transfer-pulse phiMTX-2 (306) are set to a low level has been shifted. 
[0177]As explained abovethe current I-2 which is equivalent to the number of the 
electrons by which photoelectric conversion was carried out in the light-receiving 
period (2) by processing of Steps S58-S60 is memorizable to memory TR-2 (222). 
[0178]ln continuing Steps S61-S65processing which compares I-2 with the 
current 1-1 memorized by each of memory TR-1 (219) and memory TR-2 (222) is 
performed. Size comparison of the electron number which photoelectric 
conversion was carried out in each period of this (1)i.e.a light-receiving periodand 
a light-receiving period (2)and was generated will be performed. 
[0179]Firstboth memory TR-1 transfer switch (217) and load TR (231) are made 
one by impressing both memory TR-1 transfer-pulse phiMTX-1 (304) and load 
TR pulse phiVL (312). As a resultthe current 1-1 memorized by memory TR-1 
(219) flows into the load TR (231)and the load voltage (hereafter referred to as 
"V1") according to that current value occurs in the drain side. 
[0180]At this timeMBATA A short circuit pulse phiCMPA (308) and inverter B 
short circuit pulse phiCMPB (309) are simultaneously impressed to each gate of 
an inverter A short circuiting switch (223) and an inverter B short circuiting switch 
(226). As a resultare one [ both an inverter A short circuiting switch (223) and an 
inverter B short circuiting switch (226) ]and they will short-circuit each input and 
output of the inverter A (224) and the inverter B (227) (Step S61 ). By thiseach 
output voltage of the inverter A (224) and the inverter B (227) serves as 
operating-point-voltage \Anv-A of each inverterand Vmv-B. 
[0181]lf an inverter A short circuiting switch (223) is turned OFF here by making 



inverter A short circuit pulse phiCMPA (308) into a low level firstAlthough the 
output voltage of the inverter A (224) is changed a little from the short circuit 
timethe value almost near operating point voltage is shown (it is hereafter 
considered as "V in v-A2")and the output of the inverter A (224) is become final and 
conclusive (Step S62). The pressure value supports the output when the voltage 
V1 generated when the current 1-1 flows into the load TR (231) is impressed to 
the capacitor A (225). 

[0182]At this timethe value near the voltage (V1) generated when the current 1-1 
flows into the load TR (231)and the operating point voltage of the inverter A (224) 
is impressed to the both ends of the capacitor A (225) (it is hereafter considered 

aS "Vinv-Al"). 

[0183]On the other handsince the inverter B (227) is still a short conditiona small 
change of the output voltage of the inverter A in Step S62 (224) has not 
appeared in the output by the side of the inverter B (227). 
[0184]Subsequentlyby making inverter B short circuit pulse phiCMPB (309) into a 
low levellf an inverter B short circuiting switch (226) is turned OFFalthough it will 
change a little [ of the inverter B (227) / output voltage mist beam ]the value 
almost near operating point voltage is maintained (it is hereafter considered as 
"Vinv-B2"). The output when the voltage (V1) which this value generates when the 
current 1-1 flows into the load TR (231) is added to the inverter B (227) via the 
capacitor A (225)the inverter A (224)and the capacitor B (228) is supported (Step 
S63). At this timethe voltage (it is hereafter considered as "Vinv-Bi") near output 
voltage Vi nv -A2 of the inverter A (224) and the operating point voltage of the 
inverter B (228) is impressed to the both ends of the capacitor B 
(228)respectively. 

[0185]ln this stateboth memory TR-1 transfer-pulse phiMTX-1 (304) and load TR 
pulse phiVL (312) are made into a low levelBy turning off both memory TR-1 
transfer switch (217) and the load TR (231)the reading operation of the current I- 
1 memorized to memory TR-1 (219) is completed. 
[0186]Subsequentlywhile changing load TR pulse phiVL (312) high-level 



againboth the load TR (231) and memory TR-2 transfer switch (220) are made 
one by changing memory TR-2 transfer-pulse phiMTX-2 (306) high-level 
simultaneously. As a resultthe current I-2 memorized by memory TR-2 (222) 
flows into the load TR (231)and the voltage (hereafter referred to as "V2") 
corresponding to that current value occurs in the drain side. 
[0187]lf the voltage V2 generated for the load TR (231) here when the current I-2 
flowed in is lower than the voltage V2 generated for the load TR (231) when the 
current 1-1 flows inThe potential by the side of the inverter A (224) of the 
capacitor A (225) descends only by V1-V2 from previous Vj nv -Ai 
(howeversuppose that it is in such a small situation that the input capacitance of 
the inverter A (224) can be disregarded). Thereforethe output of the inverter A 
(224) will rise from Vi nv -A2as a resultthe inverter B (227) side potential of the 
capacitor B (228) will riseand the output voltage of the inverter B (227) will 
descend. 

[0188]On the contraryif the voltage V2 is higher than the voltage V1as for the 
inverter A (224) side potential of the capacitor A (225)only V2-V1 will go up from 
Vinv-AiThe output of the inverter A (224) descends from Vinv-A2 (howeversuppose 
that it is in such a small situation that the input capacitance of the inverter A (224) 
can be disregarded). As a resultthe inverter B (227) side potential of the 
capacitor B (228) will also descendand the output voltage of the inverter B (227) 
will rise. 

[0189]That isif the current I-2 memorized by memory TR-2 (222) is larger than 
the current 1-1 memorized by memory TR-1 (219)also in the voltage generated 
for the load TR (231 )V2 will become high from Viand the output of the inverter B 
(228) will become high. Contrary to thisif the current 1-2 is smaller than the 
current 1-1 the output of the inverter B (228) will become low. Thereforesize 
comparison of two current is attained (Step S64). 

[0190]By changing pixel read pulse phiPOUT (310) high-leveland carrying out a 
pixel read-out switch (229) to one in this stateln a vertical signal wire (230)the 
output level of the inverter B (228) will appear according to the current 1-1 and the 



comparison result of 1-2 (Step S65). And pixel reading operation is completed by 
returning pixel read pulse phiPOUT (310) to a low leveland returning memory 
TR-1 transfer-pulse phiMTX-1 (304) and load TR pulse phiVL (312) with a low 
level continuously. 

[0191]At this timethe level of a vertical signal wire (230)i.e.the output level of the 
pixel read this timedistinguishes whether it is which level of a low or a high (Step 
S66). The level judging of a vertical signal wire (230) is performed by the 
computing unit (not shown) mounted on the same chip as an image sensoror 
another chip. 

[0192]lf the level of a vertical signal wire (230)i.e.the output level of the pixel read 
nowis high-levelthe current I-2 than 1-1 [ larger ] Or it can be judged that the 
electron number by which photoelectric conversion was carried out in the light- 
receiving period (2) had change of the brightness that incident light once 
becomes bright and becomes dark again few in a light-receiving period (1) rather 
than the electron number by which photoelectric conversion was carried out. In 
this casevalue deltaTxn which carried out multiplication to sampling period deltaT 
with the time counter value n is outputted as time information (Step S77)and this 
whole manipulation routine shown in drawing 12 is ended. 
[0193]On the other handif the level of a vertical signal wire (230)i.e.the output 
level of the pixel read nowis a low levelonly 1 will ************** time counter n 
(Step S67)and it will progress to a following step. 

[0194]ln processing of Steps S58-S67 mentioned aboveSteps S68-S78 are 
equivalent to what replaced each role of memory TR-1 (219) and memory TR-2 
(222). 

[0195]That isin Steps S68-S78the direction of the current memorized by memory 
TR-2 (222) serves as a signal memorized later in time than the current 
memorized by memory TR-1 (219). Thereforeas the current corresponding to the 
signal by which photoelectric conversion was newly carried out next memorized 
in memory TR-2 (222)the signal memorized before in time must be rewritten. 
[0196]Thenby impressing reset pulse phiRST (301) to the gate of the reset TR 



(213) firstThe gate potential VFD (240) of the amplifier TR (214) is set as the 
reset level corresponding to power supply voltage (Step S68)and reset pulse 
phiRST (301) is again returned to a low level. 

[0197]Subsequentlythe electron by which it was generated in the light-receiving 
period (3) of the timing chart of drawing 1 1 is transmitted to the gate side of the 
amplifier TR (214) (Step S69). This processing is performed by returning transfer 
pulse phiPTX (302) to a low level againafter impressing transfer pulse phiPTX 

(302) to the gate of the transmission TR (212). 

[0198]At this timethe gate potential VFD (240) of the amplifier TR (214) is 
decided with the number of the electrons transmitted above. In order to make 
memory TR-1 (219) memorize the current generated as a resulteach transistor 
should just operate as follows. 

[0199]The generating current mentioned above flows into the amplifier TR (214) 
by impressing simultaneously light-receiving signal read pulse phiRD 

(303) memory TR-1 transfer-pulse phiMTX-1 (304)and memory TR-1 short-circuit- 
pulse phiMEM-1 (305). Since the light-receiving signal read-out switch (216) is 
turned onthe current (hereafter referred to as "1-1") amplified by the current mirror 
circuit (215) will flow into memory TR-1 (219) via memory TR-1 transfer switch 
(217). Howeversince the memory TR-1 short circuiting switch (218) is turned 
onmemory TR-1 (219) at this time is operating in the saturation region. 
[0200]Herewhen memory TR-1 short-circuit-pulse phiMEM-1 (305) is returned to 
a low levelmemory TR-1 short circuiting switch (218) becomes offand memory 
TR-1 (219) will memorize the current 1-1 which was flowing until now (Step S70). 
[0201 ]At this timea light-receiving signal read-out switch (216) and memory TR-1 
transfer switch (217)Since it is necessary to keep the state of one long a little 
rather than memory TR-1 short circuiting switch (218) becomes offthe timing from 
which light-receiving signal read pulse phiRD (303) and memory TR-1 transfer- 
pulse phiMTX-1 (304) are set to a low level has been shifted. 
[0202]SubsequentlySteps S71-S75 compare 1-1 with the current I-2 memorized 
by each of memory TR-2 (222) and memory TR-1 (219). It is equivalent to 



performing size comparison of the electron number which photoelectric 
conversion was carried out in each period of this (2)i.e.a light-receiving periodand 
a light-receiving period (3)and was generated. 

[0203]Firstboth memory TR-2 transfer switch (222) and load TR (231) are made 
one by impressing both memory TR-2 transfer-pulse phiMTX-2 (306) and load 
TR pulse phiVL (312). As a resultthe current I-2 memorized by memory TR-2 
(222) flows into the load TR (231)and the load voltage (hereafter referred to as 
"V2") according to that current value occurs in the drain side. 
[0204]At this timeMBATA A short circuit pulse phiCMPA (308) and inverter B 
short circuit pulse phiCMPB (309) are simultaneously impressed to each gate of 
an inverter A short circuiting switch (223) and an inverter B short circuiting switch 
(226). As a resultare one [ both an inverter A short circuiting switch (223) and an 
inverter B short circuiting switch (226) ]and they will short-circuit input and output 
' of the inverter A (224) and the inverter B (227) (Step S71). By thiseach output 
voltage of the inverter A (224) and the inverter B (227) serves as operating-point- 
voltage Vinv-A of each inverterand V,nv-B. 

[0205]And if an inverter A short circuiting switch (223) is turned OFF by making 
inverter A short circuit pulse phiCMPA (308) into a low level firstAlthough the 
output voltage of the inverter A (224) is changed a little from the short circuit 
timethe value almost near operating point voltage is shown (it is hereafter 
considered as "Vinv-A2")and the output of the inverter A (224) is become final and 
conclusive (Step S72). The pressure value supports the output when the voltage 
V2 generated when the current I-2 flows into the load TR (231) is impressed to 
the capacitor A (225). 

[0206]At this timethe value near the voltage (V2) generated when the current I-2 
flows into the load TR (231)and the operating point voltage of the inverter A (224) 
is impressed to the both ends of the capacitor A (225) (it is hereafter considered 

as "Vinv-Al"). 

[0207]On the other handsince the inverter B (227) is still a short conditiona small 
change of the output voltage of the inverter A in Step S72 (224) has not 



appeared in the output by the side of the inverter B (227). 
[0208]Subsequentlyby making inverter B short circuit pulse phiCMPB (309) into a 
low levellf an inverter B short circuiting switch (226) is turned OFFalthough it will 
change a little [ of the inverter B (227) / output voltage mist beam ]the value 
almost near operating point voltage is maintained (it is hereafter considered as 
"Vinv-B2"). The output when the voltage (V2) which this value generates when the 
current 1-2 flows into the load TR (231) is added to the inverter B (227) via the 
capacitor A (225)the inverter A (224)and the capacitor B (228) is supported (Step 
S73). At this timethe voltage (it is hereafter considered as "Vinv-Bi") near output 
voltage Vi nv -A2 of the inverter A (224) and the operating point voltage of the 
inverter B (228) is impressed to the both ends of the capacitor B 
(228)respectively. 

[0209]By making memory TR-2 transfer-pulse phiMTX-2 (306) and load TR pulse 
phiVL (312) into a low leveland turning off both memory TR-2 transfer switch 
(220) and the load TR (231) in this stateRead-out of the current I-2 memorized by 
memory TR-2 (222) is completed. 

[0210]Subsequentlywhile changing load TR pulse phiVL (312) high-level 
againboth the load TR (231) and memory TR-1 transfer switch (217) are made 
one by changing memory TR-1 transfer-pulse phiMTX-1 (304) high-level 
simultaneously. As a resultthe current 1-1 memorized by memory TR-1 (219) 
flows into the load TR (231)and the voltage (hereafter referred to as "V1") 
corresponding to that current value occurs in the drain side. 
[021 1]And if this voltage V1 is lower than the voltage V2 generated for the load 
TR (231) when the current I-2 flows previouslythe potential by the side of the 
inverter A (224) of the capacitor A (225)Only V2-V1 will descend from previous 
Vinv-Ai (howeversuppose that it is in such a small situation that the input 
capacitance of the inverter A (224) can be disregarded). Thereforethe output of 
the inverter A (224) will rise from Vj nv -A2as a resultthe inverter B (227) side 
potential of the capacitor B (228) will riseand the output voltage of the inverter B 
(227) will descend. 



[0212]On the contraryif the voltage V1 is higher than the voltage V2as for the 
inverter A (224) side potential of the capacitor A (225)only V1-V2 will go up from 
Vinv-AiThe output of the inverter A (224) descends from Vi nv -A2 (howeversuppose 
that it is in such a small situation that the input capacitance of the inverter A (224) 
can be disregarded). As a resultthe inverter B (227) side potential of the 
capacitor B (228) will also descendand the output voltage of the inverter B (227) 
will rise. 

[0213]That isif the current 1-1 memorized by memory TR-1 (219) is larger than 
the current I-2 memorized by memory TR-2 (222)also in the voltage generated 
for the load TR (231 )V1 will become high from V2and the output of the inverter B 
(228) will become high. Contrary to thisif the current 1-1 is smaller than the 
current l-2the output of the inverter B (228) will become low. Thereforesize 
comparison of two current is attained (Step S74). 

[0214]By changing pixel read pulse phiPOUT (310) high-leveland carrying out a 
pixel read-out switch (229) to one in this stateln a vertical signal wire (230)the 
output level of the inverter B (228) will appear according to the current 1-1 and the 
comparison result of I-2 (Step S75). And pixel reading operation is completed by 
returning pixel read pulse phiPOUT (310) to a low leveland returning memory 
TR-2 transfer-pulse phiMTX-2 (306) and load TR pulse phiVL (312) with a low 
level continuously. 

[0215]At this timethe level of a vertical signal wire (230)i.e.the output level of the 
pixel read this timedistinguishes whether it is which level of a low or a high (Step 
S76). The level judging of a vertical signal wire (230) is performed by the 
computing unit (not shown) mounted on the same chip as an image sensoror 
another chip. 

[0216]lf the level of a vertical signal wire (230)i.e.the output level of the pixel read 
this timeis high-levelthe current 1-1 than l-2[ larger ] Or it can be judged that the 
electron number by which photoelectric conversion was carried out in the light- 
receiving period (3) had change of the brightness that incident light once 
becomes bright and becomes dark again few in a light-receiving period (2) rather 



than the electron number by which photoelectric conversion was carried out. In 
this casevalue deltaTxn which carried out multiplication to sampling period deltaT 
with the time counter value n in this case is outputted as time information (Step 
S77)and this whole manipulation routine is ended. 

[0217]On the other handif the level of a vertical signal wire (230)i.e.the output 
level of the pixel read nowis a low levelonly 1 will ************** tj me counter n 
(Step S77)it will return to Step S58and repeat execution of the same processing 
as **** will be carried out. 

[0218]Subsequentlysequential execution of the operation of the temporal 
response of a luminosity can be carried out like size comparison of the electron 
number generated in each period of the light-receiving period (3) and the light- 
receiving period (4)and size comparison of the electron number further generated 
in each period of the light-receiving period (4) and the light-receiving period (5). 
[0219]Thusit can be judged on the same standard whether a next signal is 
always larger in time than a front signal or small by changing the turn of read-out 
at the time of replacing and comparing the memory TR which memorizes the 
current signal equivalent to a photodiode output for every light-receiving period. 
[0220]As a result which performs processing operation shown in drawing 1 1 and 
drawing 12 each unit pixel of the image sensor concerning this example catches a 
time change of a luminosityand it becomes possible to perform time peak 
detection of brightness at high speed. 

[0221]By using the image sensor which consists of a unit pixel with an operating 
characteristic as shown in drawing 1 1 and drawing 12 it can ask for the temporal 
response of the luminosity of a photographic subject byfor exampleasking for the 
object image picturized by the 1st frameand the object image picturized by the 
2nd frame. 

[0222]By using the image sensor which can ask for the temporal response of the 
luminosity of a photographic subjectthe active type distance measurement 
system which measures the distance to a photographic subject can be 
constituted according to the so-called principle of 3 angle location survey. About 



this kind of active type distance measurement systemit is indicated by the 
application-for-patent No. 107723 [ 2000 to ] specification already transferred to 
these peoplefor example. The active type distance measurement principle is 
indicatedfor example to "three dimensional image measurement" (Inokuchithe 
Sato collaborationShokodo). 

[0223]Of courseeach of the unit pixel concerning this example can also perform 
data processing other than the above (detection of the time it becomes steep an 
AD translation and changing) to a photodiode output by switching the timing of 
each clock pulse which the driving clock generator 2 outputs. 
[0224]The example of composition of the whole imaging system which applied 
the image sensor 1001 concerning a 2nd embodiment of this invention is typically 
shown in the 2nd embodiment drawing 13 . 

[0225]The signal generator 1002 generates a signal required to drive the image 
sensor 1001. And each generated signal is inputted into the image sensor 
1001 and is transmitted to each pixel 11 which constitutes the image sensor 1001 
from the vertical scanner 1020 in the image sensor 1001 as a pixel control signal. 
[0226]The frame memory 1004 has an address space equivalent to the pixel 
number of the image sensor 1001 . 

The data width has size required to express the image pick-up result of the 
image sensor 1001. 

The frame memory 1004 is connected with the signal processing part 1003 and 
the bi-directional bus. 

The processing result for every pixel generated in the signal processing part 
1003 is inputted and memorizedor the contents are conversely handed over to 
the signal processing part 1003 if needed. 

[0227]After the signal processing part 1003 inputted the output signal of the 
image sensor 1001 and processes for every pixel with digital datait outputs the 
result to the above-mentioned frame memory 1004. 

[0228]The digital-to-analog part 1005 inputs the digital signal for every [ from the 



signal processing part 1003 ] pixelchanges it into an analog signal and outputs it. 
[0229]The indicator 1006 inputs the analog signal outputted from the digital-to- 
analog part 1005and carries out a display output on a screen (not shown). 
[0230]The circuitry of the image sensor 1001 concerning a 2nd embodiment of 
this invention is typically shown in drawing 14 . As shown in the figurefor every 
sequencethe vertical signal wire 1013 is constructed and the image sensor 1001 
is constituted while the pixel 1 of a MxN individual is arranged by two- 
dimensional matrix form and the pixel control signal 1012 is constructed for every 
line. And the vertical signal wire 1013 of N book from each pixel row is connected 
to the horizontal output circuit 1030. 

Serial conversion of the output signal is carried outand in order to be outputted to 
the exterior of the image sensor 1001 or to make an output rate high-speedit is 
parallel and is outputted to the exterior of the image sensor 1001. 

[0231 ]The signal generator 1002 is a circuit which generates each clock pulse 
signal of the graphic display for driving a unit pixel to predetermined 
timingrespectively. 

[0232]The vertical drive circuit 1020 is supplied by pixel control signal 1012 
course to each of the pixel row which consists the clock pulse generated in the 
signal generator 1002 of M unit pixels horizontally located in a lineshifting 
operation timing. 

[0233]The pixel control signal 1012 shown in drawing 14t he light sensing portion 
control pulse 1200 for driving each pixelthe amplifier control pulse 1210the 1st 
storage parts store control pulse 1220the 2nd storage parts store control pulse 
1230the comparing element control pulse 1240and the bias part control pulse 
1250 -- and. The outputting part control pulse 1260 (after-mentioned) is made 
into a bundle. By operating these driving clock pulse to predetermined timingAD 
translation processing of a pixel output signal and other data processing are 
applicable to an image sensor. Howeverabout the operation timing of a driving 
clock pulseor the procedure of data processingit explains in detail behind. 



[0234]ln drawing 15 the structure of the unit pixel which constitutes the image 
sensor 1 is illustrated typically. As shown in the figureone pixel reaches 1st 
storage parts store 1102 with the light sensing portion 1100 and the amplifier 
1101and comprises 1103the comparing element 1104the bias part 1105and the 
outputting part 1106 100 million copies of set [ 2nd ]. 

[0235]The light sensing portion 1100 outputs the signal by which photoelectric 
conversion was carried out according to the luminous intensity which entered to 
the amplifier 1101. 

[0236]The light sensing portion control pulse 1200 is an input pulse which 
controls the reset action of the internal state of the light sensing portion 1100and 
the internal transfer operation of a signal by which photoelectric conversion was 
carried out. 

Reset pulse phiRST (1201) and transfer pulse phiTX (1202) are contained. 

[0237]The amplifier 1101 outputs the signal which inputted and amplified the 
output signal from the light sensing portion 1100 to the 1st storage parts store 
1 102 and the 2nd storage parts store 1 103. 

[0238]The amplifier control pulse 1210 is an input pulse which controls whether 
the signal amplified by the amplifier 1101 is outputted. 
Amplifier read pulse phiAG (121 1) is contained. 

[0239]The 1st storage parts store 1102 and the 2nd storage parts store 1103 
memorize the signal outputted from the amplifier 1 101 and output it to the 
comparing element 1104. 

[0240]The 1st storage parts store control pulse 1220 and the 2nd storage parts 
store control pulse 1230 perform control of the signal recording operation to the 
1st storage parts store 1 102 and the 2nd storage parts store 1 103and signal 
reading operationrespectively. 1st memory pulse phiMSWF (1221) and 1st 
memory gate pulse phiMGF (1222) are contained in the 1st storage parts store 
control pulse 1220. 2nd memory pulse phiMSWS (1231) and 2nd memory gate 



pulse phiMGS (1232) are contained in the 2nd storage parts store control pulse 
1220. 

[0241 ]The comparing element 1 104 inputs the signal read from the 1st storage 

parts store 1 102 and the 2nd storage parts store 1 103and outputs the signal of 0 

(low level) or 1 (high-level) as a result of having compared both. 

[0242]The comparing element control pulse 1240 is an input pulse which 

performs motion control of the comparing element 1104. 

Load pulse phiQL (1241)1st inverter short circuit pulse philNVF (1242)and 2nd 

inverter short circuit pulse philNVS (1243) are contained. 

[0243]The bias part 1 105 adds a bias signal to two signals inputted by adding a 
bias signal to the comparing element 1 104. 

[0244]The bias part control pulse 1250 is an input pulse for controlling the bias 
signal outputted from the bias part 1 105. 

1st bias gate pulse phiGBF (1252) and 2nd bias gate pulse phiGBS (1253) are 
contained. 

[0245]The outputting part 1 106 is outputted to the exterior of a unit pixel by 
making the comparison result signal of the comparing element 1 104 into the pixel 
signal 1107. 

[0246]The outputting part control pulse 1260 is an input pulse for performing 
motion control of the outputting part 1106. 
Output gate pulse phiGOUT (1261) is contained. 

[0247]Nextexplanation of the principle which changes into a digital signal the 
light-receiving intensity which is the amount of analog signals in the unit pixel 
mentioned above is explainedreferring to drawing 16 . 

[0248]Firstafter a pixel receives lighta signal is memorized to either among the 
storage parts stores 1 102-1 103and after reading ita series of periods which 
output by performing comparison processing are defined as "one frame" on these 



specifications. 

[0249]The horizontal axis of the graph shown in drawing 16 shows the frame 
number how many times the frame to which a comparison result is outputted is 
repeated from 0 to li.e.is a pixel output reversed when comparison processing is 
performed how many times?after receiving light in the light sensing portion 1100. 
And the maximum frame number shall be defined as FMAxonly the number of 
times of Fmax shall repeat comparison processingand one image pick-up shall be 
completed. 

[0250]The vertical axis of the graph shown in drawing 16 expresses the signal 
quantity S of the light intensity in the light sensing portion 1 100. The temporal 
response of the signal quantity at the time of receiving a very bright light is set to 
VB (1051)and the case of a taper is made into VB' (1052) more slightly than it. 
The case where M (1054) and a dark light are received [ the case of a bright 
light ] for the case of the luminosity of B (1053) and a medium is set to D 
(1055)and the temporal response of signal quantity when light is 
receivedrespectively is expressed in a straight line by setting to VD (1056) the 
case where it is very dark. In the example shown in the figureit is assumed that 
the difference in a luminosity is expressed by the size of the temporal response 
of a slope of a linei.e.signal quantity. Thereforea brighter light has more sudden 
inclination and inclination supposes that it is loose like a dark light. 
[0251]Nowa reference signal which is constant in time at Rh is considered here. 
And by the time the straight line corresponding to the temporal change of each 
luminosity crosses the reference signal level RhK will find a required frame 
number or time. The luminosity of the light which received light can be expressed 
by using the character in which it is so bright that reference level is crossed at a 
small frame numberand it is so dark that it crosses at many frame numbers. 
Since a frame number is discretenamelyit is a digital variablethe luminosity 
obtained as a result will also be expressed as a digital variable. 
[0252]ln the above-mentioned conditionsthe frame number corresponding to an 
intersection with VB (1051) is Fvbi as a graphic display. The intersection with VB' 



(1052) is FvB iand the intersection with B (1053) is F B iand the intersection with M 
(1054) serves as Fml On the other handas for D (1055) and VD (1056)an 
intersection does not exist. 

[0253]ln this casethe luminosity of the light which received light can be 

expressed like a lower type using the constant Ka reference signal leveland the 

frame number of an intersection. namely[0254] 

[Equation 5] 

Ivb= K/Fvbi (formula 7) 

Ivb'= K/Fvb-1 (formula 8) 

Ib= K/Fbi (formula 9) 

Im= K/Fmi (formula 10)[0255]Nowwhen a reference signal level is made into 
RHsince the light D1055 dark as mentioned above and very dark optical VD1056 
do not have an intersection between the maximum time set up here or the 
maximum framethey cannot express a luminosity. Thenwhen a reference signal 
level is lifted from Rh to Rivithe straight line D (1055) comes to have an 
intersection by frame Fd2 so that drawing 16 may show. And when [ lift reference 
level further and ] Rut turns out that the straight line VD crosses at frame Fvd3 
further. That isit is possible by raising reference level that processing equivalent 
to enlarging the gain of a luminosity is performed. 

[0256]For examplethe luminosity of each light when reference level is made into 
Rl can be expressed like a lower type. namely[0257] 
[Equation 6] 

Ivb= K/Fvbi (formula 11) 
Ivb-= K/Fvbi (formula 12) 
Ib= K/Fbs (formula 13) 
Im= K/Fm3 (formula 14) 
l D = K/Fds (formula 15) 
Ivd= K/Fvd3 (formula 16) 

[0258]That which is learned if not careful here is the point that the above- 
mentioned (formula 1 1) is the same as (the formula 7)and it is the same that 



luminosities should originally differ (formula 12). Frame Fvbi is the minimum unit 
of a time-axisand this is a phenomenon produced when equivalent to the first 
frame. When in other words a pixel output is 1 with the first frameeven if a actual 
luminosity is differentas long as it expresses like an upper typeit will become 
impossible to identify the difference in a luminosity. In order to avoid such a 
phenomenonto a bright lightit turns out that reference level is set [ that it is 
moderate ] up low. 

[0259]ln order to detect a dark light and to express as a luminosity by old 
argumentthere is the necessity of raising reference level (it is equivalent to this 
raising a gain). On the other handin order to express a bright lightthere is the 
necessity of lowering reference level (it is equivalent to this lowering a gain). Soin 
order to express a luminosity in the wide range of the dynamic range from a dark 
light to a bright light. Reference level is low set up in the early periodi.e.the range 
with a small frame numberin timeand if it is a person skilled in the arthe will be 
able to understand the thing for which a bright light is detected that what is 
necessary can be just to lift reference level gradually with the passage of time. 
[0260]An example of the setting method of such reference level is shown in 
drawing 17 . In the example shown in the figurethe first reference level begins 
from Raises gradually (namelythe passage of time stair-like)and has become Rl 
eventually. The method of a rise of reference level may be changed little by little 
for every frameand may be changed every several frames. 
[0261]lf the luminosity conversion dynamic range extension principle shown in 
drawing 1 7 is followedthe luminosity of each light which received light will be 
expressed as follows from the intersection of the straight line and reference level 
showing each luminosity. namely[0262] 
[Equation 7] 
Ivb= K/Fvb (formula 17) 
Ivb-= K/Fvb 1 (formula 18) 
l B = K/Fb (formula 19) 
Im= K/Fm (formula 20) 



Id=K/Fd (formula 21) 
Ivd= K/Fvd (formula 22) 

[0263]According to the mode of expression of the luminosity according to 
drawing 17 expression also of very bright VB (1051) and very dark VD (1056) is 
attained by the same simultaneous namelysystem. 
[0264]Subsequentlythe example of the mounting circuit which adopted the 
method which makes realizable the large image pick-up of the dynamic range 
which was mentioned above is explained. 

[0265]One example of mounting about each block of the unit pixel of the image 
sensor shown in drawing 15 is shown in drawing 18 . 
[0266]The internal configuration of the light sensing portion 1100 and the 
amplifier 1 101 is shown in drawing 19 in detail among this unit pixel. 
[0267]a light sensing portion - 1 100 - a photo-diode - (- PD -) - 1301 - a 
transfer transistor ~ (-- TX --) - 1302 - floating diffusion - (- FD --) - 1033 - a 
reset transistor (RST) - 1304 - from - constituting - having - **** . And while 
the reset pulse (phiRST) 1201 is given to the reset transistor 1304the transfer 
pulse (phiTX) 1202 is given to the transfer transistor (TX) 1302. Each input pulse 
1201-1202 is equivalent to the light sensing portion control pulse 1200 (above- 
mentioned). 

[0268]Nowto reset transistor RST1304. Since the reset voltage (VR) 1203 is 
impressedby inputting reset pulse phiRST1201lf reset transistor RST1304 
changes to an ON statefloating diffusion FD1303 will be reset by the potential 
decided by the value of reset voltage VR1203. And if one [ transfer pulse 
phiTX1202 / transfer transistor TX1302 ]The electron by which photoelectric 
conversion was carried out by photo-diode PD1301 will be transmitted to floating 
diffusion FD1303and the potential according to the electron number will occur in 
floating diffusion FD1303. 

[0269]lt is thought that the potential of floating diffusion FD1303 is proportional to 
a luminosity mostly unless it supports light income and photo-diode PD1301 is 
saturated. And since there are so many electron numbers generated in 



photoelectric conversion that there is so much light income that it is brightthe 
potential of floating diffusion FD1303 fallsand since the electron number 
generatedso that it is dark decreases converselythe potential of floating diffusion 
FD1303 becomes high. [0270]The amplifier 1101 comprises the amplification 
transistor (QA) 1311the 1st gate (AGF) 1312 of amplifier read-outthe 2nd gate 
(AGS) 1313 of amplifier read-outand the current mirror circuits 1314 and 1315. 
And the amplifier read pulse (phiAG) 121 1 as the amplifier control pulse 1210 is 
given to 1st gate AGFof amplifier read-out1312and the 2nd gate (AGS) 1313 of 
amplifier read-outrespectively. 

[0271]Nowthe potential in the floating diffusion 1303 by the side of the light 
sensing portion 1 100 is impressed to the gate of amplification transistor QA131 1 . 
If amplifier read pulse phiAG121 1 is given in this statethe current decided by 
potential between sauce gates of amplification transistor QA131 1 will flow 
through 1st gate AGFof amplifier read-out1312and the mirror transistors 
1314The amplified current which is determined in the size of the mirror 
transistors 1315 and 1314 flows through 2nd gate AGSof amplifierl 31 3and the 
mirror transistors 1315. 

[0272]And much current flowsso that the potential of floating diffusion FD1303 is 
high. That isthe current which flows through 2nd gate AGSof amplifierl 313 and 
the mirror transistors 1315 becomes largeso that the light which received light is 
darkand the current becomes smallso that it is bright. 
[0273] 100 million copies of set [ 2nd ] of internal configurations of 1 103 are 
indicated in detail to be the 1st storage parts store 1 102 to drawing 20 among the 
unit pixels shown in drawing 15 . 

[0274]The 1st storage parts store 1 102 comprises the 1st storage transistors 
(QMF) 1321 the 1st storage-transistors switch (MSWF) 1322and the 1st memory 
gate (MGF) 1323. and - 1st storage-transistors switch MSWF1322 - the 1st 
memory pulse (phiMSWF) 1221 -- the 1st memory gate pulse (phiMGF) 1222 is 
given to 1st memory gate MGF1323 as the 1st storage parts store control pulse 
1 220 (above-mentioned)respectively. 



[0275]Similarlythe 2nd storage parts store 1 103 comprises the 2nd storage 
transistors (QMS) 1331 the 2nd storage-transistors switch (MSWS) 1332and the 
2nd memory gate (MGS) 1333. and -- 2nd memory TORANJISU switch 
MSWS1332 - the 2nd memory pulse (phiMSWS) 1231 - the 2nd memory gate 
pulse (phiMGS) 1232 is given to 2nd memory gate MGS 1333 as the 2nd storage 
parts store control pulse 1230respectively. 

[0276]And it is connected to the amplifier 1 101 and both 1st memory gate 
MGF1323 and 2nd memory gate MGS1333 can input now the signal current 
amplified by the current mirror mentioned above. 

[0277]Nowthe 1st storage parts store 1 102 and the 2nd storage parts store 1103 
serve as what is called a current copia circuit or dynamic current mirror circuitry. 
Signal current is memorizable in the following operations. 

[0278]ln firstthe period when 1st memory gate MGF1323 is an ON state by 1st 
memory pulse phiMGF1222. The gate and drain of 1st storage-transistors 
QMF1321 short-circuit by changing 1st storage-transistors switch MSWF1322to 
one by 1st memory pulse phiMSWFI 221 Signal current will flow into so-called 1st 
storage-transistors QMF1321 of saturation region operation through 1st memory 
gate MGF1323. And since signal current is continuing flowing even if it changes 
only 1st storage-transistors switch MSWF1322 to OFFthe gate potential of 1st 
storage-transistors QMF1321 will hold a value required to send the signal current. 
Nextalthough signal current will not flow by changing 1st memory gate MGF1323 
to OFFsignal current will be memorized as long as the gate potential of 1st 
storage-transistors QMF1321 is held. 

[0279]That iswhen 1st memory gate MGF1323 is again changed to one by 1st 
memory gate pulse phiMGF1222the signal current memorized with the gate 
potential of 1st storage-transistors QMF1321 currently held will flow out again. 
The 2nd storage parts store 1 103 can also memorize signal current to 2nd 
storage-transistors QMS1331 by the same operation as ****. 
[0280]The internal configuration of the bias part 1105 is shown in drawing 21 in 



detail among unit pixels. 

[0281]The bias part 1 105 comprises the 1st bias transistor (QBF) 1351the 2nd 
bias transistor (QBS) 1352the 1st bias gate (GBF) 1353and the 2nd bias gate 
(GBS) 1354. And to 1st bias transistor QBF1351 and 2nd bias transistor 
QBS1352as the bias part control pulse 1250 the bias voltage (VB) 1251The 1st 
bias gate pulse (phiGBF) 1252 is given to 1st bias gate GBF1353and the 2nd 
bias gate pulse (phiGBS) 1253 is given to 2nd bias gate GBS1354respectively 
(above-mentioned). 

[0282]And it is connected to the output of the 1st storage parts store 1 102 and 
the 2nd storage parts store 1 103and the output of 1st bias gate GBF1353 and 
2nd bias gate GBS1354 can add bias current now to the signal current outputted 
from each storage parts store 1 102-1103. 

[0283]Since the bias voltage VB1251 [ same ] is impressed to each gate of 1st 
bias transistor QBF1351 and 2nd bias transistor QBS1352the current according 
to the transistor size can be sent. Thereforethe size of the bias current which 
flows out when 1st bias gate pulse phiGBF1252 is impressed to 1st bias gate 
GBF1353lt becomes possible to give the difference in the size of the bias current 
which 2nd bias gate pulse phiGBS1253 is impressed to 2nd bias gate 
GBS1354and flows out. 

[0284]The internal configuration of the comparing element 1 104 and the 
outputting part 1106 is shown in drawing 22 at detailsrespectively. 
[0285]The comparing element 1 104 The load transistor (QL) 1341 and the 1st 
capacitor (CF) 1342lt comprises the 1st inverter (INVF) 1343the 1st inverter short 
circuiting switch (SWINVF) 1344the 2nd capacitor (CS) 1345the 2nd inverter 
(INVS) 1346and the 2nd inverter short circuiting switch (SWINVS) 1347. And to 
load transistor QL1341 the load pulse (phiQL) 1241To 1st inverter short circuiting 
switch SWINVF 1344the 1st inverter short circuit pulse (philNVF) 1242The 2nd 
inverter short circuit pulse (philNVS) 1243 is given to 2nd inverter short circuiting 
switch SWINVS 1347 as the comparing element control pulse 1240 (above- 
mentioned)respectively. 



[0286]And load transistor QL1341 is connected to each output of the 1st storage 
parts store 1 102the 2nd storage parts store 1 103and the bias part 1 105. 
The signal current outputted from these is inputted. 

[0287]Nowthe comparing element 1 104 of the graphic display has taken the so- 
called composition of the chopper type comparatorand the output according to 
the size of the signal inputted in the period which resets the offset by the 
operating point inside a comparatorand the signal inputted after reset is 
completed is obtained. 

[0288]Firstthe potential VZ according to the size of the signal current (it is 
considered as "IZ") of a comparison object occurs in 1st inverter INVF1343 of 1st 
capacitor CF1342and the electrode of an opposite hand by changing load 
transistor QL1341 to one by impression of load pulse phiQL1241 . 
[0289]lf 1st inverter INVF1343 is short-circuited by changing 1st inverter short 
circuiting switch SWINVF1344 to one by impression of 1st inverter short circuit 
pulse philNVF1242 at this timeAny potential of the input side of 1st inverter 
INVF1343 and an output side serves as the same value (operating point potential 
VTHF of 1st inverter INVF1343)and the electric charge equivalent to the voltage 
of VZ-VTHF will be accumulated in 1st capacitor CF1342. 
[0290]lf 2nd inverter INVS1346 of the latter part is simultaneously short-circuited 
by 2nd inverter short circuiting switch SWINVS1347 and operating point potential 
of 2nd inverter INVS1346 will be set to VTHSSimilarlythe electric charge 
equivalent to the voltage as for which VTHF-VTHS becomes will be accumulated 
in 2nd capacitor CS1345. 

[0291 ]And the short circuit of 1st inverter INVF1343 is canceled. 
Thenthe short circuit of 2nd inverter INVS1346 is canceled. 

[0292]At least the negative charge according to IY makes load transistor QL1341 
generate VY by sending another [ to compare ] signal current (it is considered as 
"IY") following on thisand impressing load pulse phiQL1241 again. By thisthe 



potential by the side of the load transistor QL1341 of 1st capacitor CF1342 will 
change from previous VZ to VY. 

[0293]Hereif it assumes that it is so small that the input-side capacity of 1st 
inverter INVF1343 can ignore compared with 1st capacitor CF1342 and VY is 
larger than VZ1st inverter INVF1343 side potential of 1st capacitor CF1342 will 
rise from VTHF. On the contraryif VY is smaller than VZit turns out that the input- 
side potential of 1st inverter INVF1343 descends. Thereforeif the output of 1st 
inverter INVF1343 serves as a low level and VY<VZ becomes at the time of 
VY>VZthe output of 1st inverter INVF1343 will become high-level. 
[0294]Since such operation is interlocked with and the both-ends potential of 2nd 
capacitor CS1345 also rises or descendsAfter allaccording to the size of the 
signal to comparethe output of the comparing element 1 104i.e.the output of 2nd 
inverter INVS1346becomes high-level at the time of IY>IZ (VY>VZ)and it is IY<IZ 
(set to a low level at the time of VY<VZ>.). 

[0295]The outputting part 1 106 comprises the output amplifier (BAMP) 1361 and 
the output gate (GOUT) 1362. And the output gate pulse (phiGOUT) 1261 is 
given as the outputting part control pulse 1260. 

[0296]And when output gate pulse phiGOUT1261 is impressedthe pixel output 
(POUT) 1 107 of the signal level which changed the output of the comparing 
element 1 104 into the suitable level is outputted to the vertical signal wire 1013. 
[0297]Nextit explainsref erring to the luminosity conversion timing chart shown in 
drawing 23 f or the mechanism of changing into a digital signal the light income 
which is an analog signal. 

[0298]Firstin reference signal storage durationoperation which memorizes 
reference signal current to the 1st storage parts store 1 102 is performed. 
[0299]ln the light sensing portion 1 100where the reset voltage 1203 is set as 
VREFreset pulse phiRST1201 is impressed and the potential of floating diffusion 
FD1303 is set as the value equivalent to Vref. 

[0300]Thenin the amplifier 1 101 impress amplifier read pulse phiAGand it is made 
to flow through 1st gate AGFof amplifier read-out 1 31 2and 2nd gate AGSof 



amplifier read-out1313Amplification transistor QA131 1 is made to generate the 
current decided by potential of floating diffusion FD1303and the current (it is 
considered as Iref) further amplified by the current mirror 1314-1315 is acquired. 
[0301 ]At this timeby the 1st storage parts store 1 102 by impressing 
simultaneously 1st memory pulse phi MSWF 1221 and 1st memory gate pulse 
phiMGF1222The above-mentioned current Iref will flow into 1st storage- 
transistors QMF1321 via 1st memory gate MGF1323. 

[0302]Thenby dropping 1st memory pulse phiMSWF1221 on a low level firstand 
canceling the short circuit of 1st storage-transistors QMF1 321 then canceling 1st 
memory gate pulse phiMGF1222Previous current Iref is memorizable to 1st 
storage-transistors QMF1321. 

[0303]Processing of reference signal storage duration is completion above. 
[0304]Nextprocessing by the 1st frame is performed. 
[0305]ln the light sensing portion 1 100where the reset voltage 1203 is set as 
power-supply-voltage Vdd higher than VREFReset pulse phiRST1201 is impressed 
and the potential of floating diffusion FD1303 is set as the value equivalent to Vdd. 
[0306]At this timein photo-diode PD1301. Since the electron by which 
photoelectric conversion was received and carried out to previous reference 
signal storage duration is accumulatedFloating diffusion FD1303 can be made 
into the potential according to the electron number by impressing transfer pulse 
phiTX1202 and transmitting an electron to floating diffusion FD1303 from photo- 
diode PD1301. 

[0307]Thenin the amplifier 1101 impress amplifier read pulse phiAG1211and it is 
made to flow through 1st gate AGFof amplifier13121and 2nd gate AGSof 
amplifier1313Amplification transistor QA131 1 is made to generate the current 
decided by potential of floating diffusion FD1303and the current (it is considered 
as "Ifi") amplified by the current mirror 1314-1315 is acquired. 
[0308]At this timeby impressing simultaneously 2nd memory pulse 
phiMSWS1231 and 2nd memory gate pulse phiMGS1232 by the 2nd storage 
parts store 1 103The above-mentioned current Ifi will flow into 2nd storage- 



transistors QMS1331 via 2nd memory gate MGS1333. 
[0309]Thendrop 2nd memory pulse phiMSWS1231 on a low level firstand the 
short circuit of 2nd storage-transistors QMS1331 is canceledThenprevious 
current Ifi is memorizable to 2nd storage-transistors QMS1331 by canceling 2nd 
memory gate pulse phiMGS1232. 

[0310]Thenthe comparison operations of signal current Ifi in the 1st frame 

memorized by reference signal Iref memorized by the 1st storage parts store 

1 102 and the 2nd storage parts store 1 103 are performed. 

[0311]Firstl F i memorized to 2nd storage-transistors QMS1331 in the 2nd storage 

parts store 1103 is passed to load transistor QL1341 in the comparing element 

1104 by impressing 2nd memory gate pulse phiMGS1232 and load pulse 

phiQL1241. 

[0312]lmpress 2nd bias gate pulse phiGBS1253 simultaneouslyand it flows 
through 2nd bias gate GBS1354Since the bias current (it is considered as "Ibs") 
generated in 2nd bias transistor QBS1352 by impressing Vbias1251 is also sent 
through load transistor QL1341ln load transistor QL1341 voltage Yfi decided by 
the signal current IF1 and IBS occurs. 

[0313]At this timeby impressing 1st inverter short circuit pulse philNVF and 2nd 
inverter short circuit pulse philNVSinput and output of 1st inverter INVF1343 and 
2nd inverter INVS1346 are short-circuited simultaneouslyand operating point 
offset of the comparing element 1104 is reset. 

[0314]this time - the both ends of 1st capacitor CF1342 - Yfi-Vthf -- voltage will 
be built. 

[0315]Nextby impressing simultaneously 1st memory gate pulse phiMGF1222 
and load pulse phiQLI 241 Reference signal current Iref memorized by 1st 
storage-transistors QMF1321 in the 1st storage parts store 1102 is passed to 
load transistor QL1341 in the comparing element 1104. 
[0316]At this timeimpress 1st bias gate pulse phiGBF1252 simultaneouslyand it 
flows through 1st bias gate GBF1353The bias current (it is considered as "Ibf") 
generated in 1st bias transistor QBF1351 by Vbias1251 is also sent through load 



transistor QL1341. 

[0317]ln load transistor QL1341when reference signal current Iref and the bias 
current IBF flow simultaneouslyvoltage Yref occurs. 

[0318]By the principle of operation of the comparator shown previouslythe level 
according to the size relation of Yfi and Yref serves as an output of the 
comparing element 11 04and lets the output amplifier 1361 pass by the outputting 
part 1106By impressing output gate pulse phiGOUT1261it is outputted to the 
vertical signal wire 1013 as pixel output POUT1107.[0319]Namelyif Ifi>Iref 
(Y F i>Yref) becomeslf pixel output POUT1107 is set to a low level and Ifi<Iref 
(Y F i<Yref) becomespixel output POUT1107 will become high-level. 
[0320]After the 2nd framethe reset action of floating diffusion FD 1303 by reset 
pulse phiRST1201 is not carried out. Thereforethe potential the electron by which 
it was generated by photoelectric conversion is added to the electron number 
accumulated with the frame till thenand it is decided with the frame that will be it 
will arise in floating diffusion FD1303. 

[0321]For examplein the 2nd frameit adds to the electron accumulated in floating 
diffusion FD1303 by the 1st frameThe electron by which it was generated by 
photoelectric conversion is transmitted to floating diffusion FD1303 by impression 
of transfer pulse phiTX1202and the potential of floating diffusion FD1303 is 
determined as throughout [ 1st frame term ] according to the electron number 
added together. 

[0322]And current If2 obtained from the current mirror circuit in the amplifier 1 101 
with the potential determined in this way (the 2nd frame)lF3 (the 3rd frame)lF4 (the 
4th frame)and ... will be memorized to 2nd storage-transistors QMS1331 in the 
2nd storage parts store 1 103. 

[0323]The comparison operations with reference current Iref are the same as the 
1st-frame operation. 

[0324]The operation explained above shows the case where light income is 
changed into the digital variable expressed with the number of frameswhen 
reference level is made immobilization. 



[0325]ln the abovereference level is set up with the value of reset voltage 
VR1203 in reference signal storage durationAlthough the bias current 
furthermore added to signal current is determined by whether it supplies either 
among 1st bias transistor QBF1351 in the bias part 1 105or 2nd bias transistor 
QBS1352Digital conversion is possible even if it does not add bias current at allof 
course. 

[0326]Namelywill fix to a low level 1st bias gate pulse phiGBF1252 and 2nd 
double tomorrowand - gate pulse phiGBS1253 as l B F=lBs=0Only the difference of 
the current equivalent to the difference of Vref and Vdd will determine a 
reference signal level. 

[0327]lt is also possible to carry out digital conversion only by control of bias 
currentfixing reset voltage VR1203 to Vdd conversely on the other hand (that 
isfixed with all the frames). In that casewhat is necessary is just to set each up so 
that the difference of Ibf and Ibs may turn into a difference of the current 
equivalent to Vref and Vdd. 

[0328] Nowanyway referring to drawing 16 in the above-mentioned operationas 
already explainedall lights of light to a very bright very dark light cannot be 
expressed. Thenhow to extend a dynamic range in this embodiment is explained 
belowreferring to drawing 24 and drawing 25 . 

[0329]According to this embodimentin the circuitry of a unit pixel as shown in 
drawing 18 as bias current changes with timeextension of the dynamic range is 
aimed at by giving the same effect as a reference signal carrying out a temporal 
response as shown in drawing 17 . 

[0330]Thereforeto be shown in drawing 24 make bias voltage VB1251 into 
VB=VBI with the first framethe value is made to increase gradually every [ every 
frame or ] several framesand it controls to become Vb=Vbm by final frame Fmax. 
On the other handreset voltage VR1203 is set constant to a final frame with Vdd. 
[0331]Although drawing 25 is the almost same timing chart as what was 
illustrated to drawing 23 reset voltage VR1203 is Vdd also reference signal 
storage duration. And a reference signal is memorized in this state to the 1st 



storage parts store 1 102. 

[0332]A different place from drawing 23 after the 1st frameWhen comparing with 
the signal according to the light-receiving intensity which reads the signal of the 
1st storage parts store 1 102and is memorized by the 2nd storage parts store 
1103Although 1st bias gate pulse phiGBF1252 becomes high-level and the bias 
signal from 1st bias transistor QBF1351 is also added2nd bias gate pulse 
phiGBS1253 considers it as as [ low level ]and it is made not to add the bias 
current generated in 2nd bias transistor QBS1352. By performing such drive 
controllingthe bias current which bias voltage VB1251 is changed and is 
generated in 1st bias transistor QBF1351 is made variableand it becomes 
possible to change a reference signal level every [ every frame or ] several 
frames. 

[0333]Thereforethe image pick-up result in which the dynamic range spread will 
be obtained by drawing 1 7 and a principle as shown in above-mentioned - 
(formula 17) (formula 22). 

[0334]Finallythe disposal method of each pixel output is explainedreferring to 
drawing 13 and drawing 14 . 

[0335]The signal level of pixel output POUT1 107 is transmitted to the horizontal 
output circuit 1030 through the vertical signal wire 1013 for every frame. In the 
horizontal output circuit 1030two kinds of output forms which change serially 
pixel output POUT1107 transmitted in parallel from each pixel rowand are 
outputted to the exterior of an image sensoror are outputted to parallel to the 
exterior of an image sensor as it is for every pixel row can be considered. 
[0336]The pixel signal outputted from the image sensor 1001 is inputted into the 
signal processing part 1003and the signal checks high level or a low level for 
every pixel. And if high-levelthe frame number at that time will be written in the 
address prepared for every pixel in the frame memory 1004. Howeverwriting 
considers it only as the time of becoming high-level firstand 2nd henceforth is 
written in. And just the frame number written in at this time serves as a value for 
expressing a luminosity. 



[0337]The following procedures are followed in order to display this luminosity on 
the indicator 1006. 

[0338]Firstthe frame number memorized by the frame memory 1004 is read for 
every pixeland the value is changed in the signal processing part 1003 using 
above-mentioned - (formula 17) (formula 22). If this processing uses the 
calculation function of a digital signalthe person skilled in the art will be able to 
understand things only in real appearance simply. And the changed digital signal 
is transmitted to the digital-to-analog conversion part 1005 one by one for every 
pixeland is changed into an analog signal suitable for the indicator 1006. 
[0339]This means changing into standard video signalssuch as an NTSC 
(National Television System Committee) signal and a VGA (Video Graphic Array) 
signalfor example. 

[0340]And the output from the digital-to-analog conversion part 1005 is displayed 
by the indicator 1006. 

[0341][Supplement] It has explained in detail about this inventionreferring to a 
specific example above. Howeverit is obvious that a person skilled in the art can 
accomplish correction and substitution of this example in the range which does 
not deviate from the gist of this invention. That iswith the gestalt of illustrationthis 
invention has been indicated and it should not be interpreted restrictively. In 
order to judge the gist of this inventionthe column of the claim indicated at the 
beginning should be taken into consideration. 
[0342] 

[Effect of the InventionjAs a full account was given aboveaccording to this 
inventionan outstanding imaging device constituted small and lightweight and a 
drive controlling method for the same can be provided. 
[0343]According to this inventionan outstanding imaging device and a drive 
controlling method for the same which are realized using the semiconductor 
manufacturing technology of CMOS (Complementary Metal-Oxide 
Semiconductor: complementary metal oxide semiconductor) etc. can be provided. 
[0344]According to this inventionan outstanding imaging device and a drive 



controlling method for the same which accumulate various circuit modules for 
processing the detecting signal in each pixel on the same chip can be provided. 
[0345]According to this inventionan outstanding imaging device and a drive 
controlling method for the same which can realize AD (Analog-to-Digital) 
conversion process and other one or more data processing to a photodiode 
output using the circuit module on the same chip can be provided. 
[0346]According to this inventionanalog quantity called the luminosity of a 
photographic subject is convertible for a digital variable using an image sensor 
with the circuitry which calculates a time change of the luminosity of a 
photographic subject. Thereforeit is not necessary to carry an analog-to-digital 
circuit for exclusive useand circuit structure can be controlled compared with 
other methods with an equivalent function. 

[0347]According to this inventionin the AID conversion processing changed into a 
digital variable from analog quantitythe so-called large image pick-up of the 
dynamic range is realizable by adjusting a time [ to integrate with a reference 
signal level and the luminosity of a photographic subject ] unit. 
[0348]According to this inventionwhen changing the detecting signal of each pixel 
into a digital variable from analog quantityan image pick-up strong against what 
is called random noise can be realized by integrating with the luminosity of a 
photographic subject in time. 

[0349]According to this inventionwhen changing light-receiving signal strength 
into a digital value from an analog valuean outstanding imaging device and a 
drive controlling method for the same which can acquire the picture reproduced 
from the dark field to [ expanded the dynamic range simultaneously and ] the 
bright field can be provided. And the method expressing light-receiving signal 
strength can be freely changed by changing the timing of a drive pulse and the 
existence of a pulse which are supplied to each pixel. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] lt is a figure showing typically the circuitry of the image sensor 
concerning a 1st embodiment of this invention. 

[Drawing 2] lt is a figure showing the internal configuration of the pixel included in 
the image sensor concerning a 1st embodiment of this invention. 
[Drawing 3] lt is a figure showing in detail the circuit structure of the unit pixel 
which realizes this invention. 

[Drawing 4] ln the unit pixel shown in drawing 3 it is a principle figure which 
changes into a digital variable the luminosity which is analog quantity. 
[Drawing 5] (Formula 1) It is the figure which plotted on the graph the general 
formula (formula 4) obtained from - (formula 3). 

[Drawing 6] lt is the figure which plotted (the formula 4) on the graph that it might 
be changing further (formula 5). 

[Drawing 7] lt is the figure which plotted on the graph the expression of relations 
(formula 6) of the luminosity VD and VD* which were called for by eliminating 
detected time TD using (the formula 4) (formula 5). 

[Drawing 8] ln the unit pixel shown in drawing 3 it is a figure showing the operation 
timing chart for acquiring the signal for changing into a digital variable the 
luminosity which is analog quantity. 

[Drawing 9] ln the unit pixel shown in drawing 3 it is a figure showing the operation 
flow chart for acquiring the signal for changing into a digital variable the 
luminosity which is analog quantity. 

[Drawing 10] In the image sensor of composition of being shown in drawing l it is 
a figure showing the operation timing chart for acquiring the signal which 
changed into the digital variable the luminosity which is analog quantity. 
[Drawing 11] ln the unit pixel shown in drawing 3 it is a figure showing the 
operation timing chart of each clock pulse for detecting the time it becomes 
calculate a time change of a luminosity and steep changing. 
[Drawing 12] It is a figure showing the operation flow chart in each unit pixel for 



detecting the time it becomes calculate a time change of a luminosity and steep 
changing. 

[Drawing 13] lt is a figure showing typically the example of composition of the 
whole imaging system which applied the image sensor 1001 concerning a 2nd 
embodiment of this invention. 

[Drawing 14] lt is a figure showing typically the circuitry of the image sensor 1001 
concerning a 2nd embodiment of this invention. 

[Drawing 15] lt is a figure showing typically the structure of the unit pixel which 
constitutes the image sensor 1. 

[Drawing 16] lt is a figure for explaining the principle which changes into a digital 
signal the light-receiving intensity which is the amount of analog signals. 
[Drawing 17] lt is a figure showing the extended principle of the luminosity 
conversion dynamic range. 

[Drawing 18] It is a figure showing one example of mounting about each block of 

the unit pixel of the image sensor shown in drawing 15 . 

[Drawing 19] lt is a figure showing the internal configuration of the light sensing 

portion 1 100 and the amplifier 1 101 in detail among unit pixels. 

[Drawing 20] lt is a figure showing 100 million copies of set [ 2nd ] of internal 

configurations of 1 103 with the 1st storage parts store 1 102 in detail among unit 

pixels. 

[Drawing 21] lt is a figure showing the internal configuration of the bias part 1 105 
in detail among unit pixels. 

[Drawing 22] lt is a figure showing the internal configuration of the comparing 
element 1 104 and the outputting part 1 106 in detail among unit pixels. 
[Drawing 23] lt is a figure showing the timing chart of luminosity conversion. 
[Drawing 24] It is a figure showing the timing chart of bias voltage conversion. 
[Drawing 25] lt is a figure showing a dynamic range extension timing chart. 
[Description of Notations] 

1 - Pixel 

2 - Driving clock generator 



3 - Vertical drive circuit 

10 -- Light sensing portion 

20 - The 1st amplifier 

30 - The 2nd amplifier 

40 - Storage parts store 

50 - A load section and operation part 

55 - Bias part 

60 - Outputting part 
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ffla«Xyy7£» T«BSft*B©B«i«»«- K 

suslik «¥#©w**©RiB«aswb*«auai 
c <t &mt? shot 6 (cebobbbbob 

[ROT 8] tiEBBBIi, y-HBIB±*WfilLT 

-OBBlcBi^BatB***!**-* £ t r 3H 

OT 6 {cEB©aftSB©££&$JB£&> 

[HOT 9] MEEBVI& ftUVhnbfT'aEigfcft 
oTB3MH»*Efir*C t*W»tr*B«B6 KE 
e©BBSB©B«ll6'J8P*a. 

[HOT1 0] BE©S»ttH-l§lB*-y7±fcBB* 
tiTl^* C £ « WBi: T SHOT 6 |CEB©BBSB© 

fsmimmo 

[HOT1 1] B¥WWH**fcJ5i:fcB»ffl*«8£ 
r l3EB3WB©ffl*B**B«r*B«» 
<!:. BEBMS(c&^TJWl*ftfcBft«*«BBA* 
<»: LTEtt-r*BB©E«ff t» BE©*EBBfrSB 
*BlLftB**A*LTlt«r*tt«»ts HuEikRSP 
ti:&l*«ftti£S*BBft9£ LTHjaT*lll*>8£* 
BBU 

1 ■aOEBawcBBB^U^WcBa-r^BSMIWE 
IS-TSirit.lc, tt©EB0(c*Bft©B«$tc£3r 
*13iHi#*E1SUv 

BE&BB& Bl"3©EB»frSAa*ft*»B«* 
U^I/*B|BttJC»«lc±ff**S:tf6ft©EB»*6 
A7D?*x3fI^ Ci*BBtr*«BB 

Bo 

[HOT1 2] B?*©91«;ttt:fti;fcBftffi?«B£ 
fSgftSB.!:, lBBS%B©til4]«*&Ma?3Bfitt 
HEBmMc&lv?JM?hftMB4**Sffl9 
<!: LTE»raa»©E«»i:. BE©«Bfi»frSW 



(3) 



&M2 00 2-3 3 962 



1 o©E1tS3KB*fI^ l/"OUcfflSr *S35fI^£ IB 
*«3l(ffl»*EttU 

tragi 2izim<Dmmmw. 

mimi 4] 1IEE1HH& »UVK3lf70IIGll= 
8^TWM**K1W«C 1 2 

[USIl 5] tiE4>£ffi*llflt*(c*U $tt«>«R 
£8Mi©? h y v <r xttlcEB LfcX£x y 7 <!:, K3fe 
y 7rtn:E«*nfc*wR*«br *fli**36*-r 

SiBftSK,!:, *llJI6frS©ttiafl»*»awcttiar* 

tssbhw:* «iB»^«otti*fli*»it(ir*itM» 

tLTKXt*VBL0K,9Bt*mz.s «E®«B1I» 

%zjy<Dm®$iW<Dmmmi3fcT*3iz>z. (a) 1 

od3E«fiBEBM*U*Mcffl3T*«3M»*E« 
T**xy7fc» (b) fl!j4)E11*lctt¥{t0>H«3K 
«3r*Wlffl»*E«T*XTy7£s (c)Uin 

fflE»aar6Bi*ui**i«**fli*u / ^i'*RiBWtc* 

«lc±#n5Xf77i, (d) mEA^y? (c) 

©E«Sft N 6Bl*Ul*n*lKWI**JtlSr«Xxy7 
(e) mWry^ (d) K<l:«ttftlSj|l£iiSfi] 

If #Jg 1 6 (cEtt®WS£n<D!SBniH0£&> 

m&ii 8] meeimn& auvhat^cjiwc 

a-3T«3Wl**E1ir*Ci:*1MSi:-r*B«flll 6 
KEftaa^B®HWJaft;£. 

[000 1] 

* n/c a*gii&tf ?oB»Htt&a&fli y » cmos 



(Complementary Metal-Oxide Semiconductor : fflfflt 

[0 0 0 2] MKPLO*, *fgWli> S-BiRKfctt* 
*Blfll**«Wr * £ ifSftHtt* S> *a 
III y 7±tc«« LT*3!!fllS1K&tf *OBlMWP 
*^[C«y, »lc, HiRffl#[C*[-r*AD (Analog-to- 
Digital) S&MHUttf left® 1 «±09IIWKn U 

[0003] 

[fif*©8ffi] ^©^ttSiiSffiroiijIfcii^fc 
««r>T. it««««3S:Jt«IFFtfA#RllEi«:oT* 
fc. £©*££> «»SIS^PDA (Personal Digital A 
ssistant) ttJfOltVmK&I^T. 'M5©**5£tt 

asfti\ jmrnw*. -we/** tubus 

[0 0 0 4] -flSMlC. *^7«!:l^iiCCO (Charge 
Coupled Device : ttffilS^*?) -teVWtJBt^fc*© 
m^SCimS. CCD&& MOS (Me 
talOxide Semiconductor) SJfifi^f-x— ^©.fcdlClJ 

m\ 

[0005] fS^, CMOS (Complementary Metal-Ox 
ide Semiconductor : ffiffl tt£AftflJMNKt) <f*- 

[0 0 0 6] CMOSa«*fflt^T*S*ft*CO*-r 

^-^•■fevy-iw— <o^y^±tc» cmossst$ 

(Co •bW±©#EHI6Jc6»**7* h • <T-f*- KB* 

*/-fXi*sattfn:y-r>WE««rc«» T-t-uvmfr 
cMos-r/-v« -bvy-KB-rsa&titt^ftsrh 

Tt^o Wits -t>*±?«WWl*fT3«e*flWL 
*ayx-fffl»c5**Ttt£<Wffl*ti««i©i:LT 
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[0007] cmos<c*--7- ■tiyyizmtzftMfi 
mtLTit, man. ^^v^immmmmn-s 
/cCMos-r^-^-tv+j-j (b*®«$8* tV7^sk 

Vol.53, No. 2. pp. 172-177, 1999) tfW5*l£„ 
[0 0 0 8] $fc, fi&££ LTtt. "CMOS Active Pixe 

I Sensor with On-Chip SuccessiveApproximation Anal 

og-To-Digital Converter" (Zhimin Zhou et al.JEEE 
Transactions On Electron Devices, Vol.44, No. 10, 

1997) AWSftSo 
[0009] mz^m^VftLTlt. 1 998*P9£ 

1 am-cwi^titc^m^mm5, 8 o 1 , 6 5 7^ 
wmw (mn<o%,fo ■ serial analog-to-digital conve 

RTERUSING SUCCESSIVE COMPARISONS ) 
[0 0 10] LfrL£#6. MjtZZ.m.WmVte 

out. tad=i>/^— ?j £t%)*m®t%ztiz£ 

MtHt}Uti LT A D 3 \*-^J-^©5QS«ff 5fc46lC 

[00 11] ^LTcS^T&ffiKfc^TWu 
-7X*4)fttelf S^KfiHT*@;£/\ 0 $-:/ • S4X 

[0012] tit. x?- h • nymzm?*-$m.<n* 
tifww-sc •sff^S'v? • u>-7<e>j£ 

«MfcfT»«£LT» 7*h • y-f*- Kiti73^MOS h 
=? 7-77. * <D+f 7* U >y -7 a /U KflMfc&tt 5 ■SWtt 

CMOSiuziftiSiffj . Wftltsyx-rz^ 

U Vol.54, No. 2, pp.224~228, 2000) 7* h • 

v^t- F&-tiftmmLrc®&*i3iy\-LT. *<d® 
$titW5&z&mz*><» (suites rviwwnmM 

Sftfg^J . BWWWB/T-f7»^*BVol.51. No. 2, p 

p. 256-262. mn-.^wm mm*?$mm*m^rc( 
^-^>*±Tfl)A/Dt«ij , wmm*T<< 

#K Vol.54, No. 2, pp. 297-300, 2000) HiOjWf 

[0 0 13] LfrLStf^ m%V>7* h • K 
473* M O S h => y ~JX* <W 77. U y -7 a J I/ Kllttlc 
SW-*««Stt*fJfli LT*tI*£&£B£-f 7<DJf 



[0 0 14] £/c. &#©7* h • ^f*- Kfflatffi 
SlCta\ fi^®E<h LTKSL/cytkSLftU-rS© 

[00 15] 

[00 16] ^mOWmsmt. CMOS (Comple 
mentary Metal -Oxide Semiconductor : tifitt&JIIHfc 

[0017] *^ross^a«i*. sbhrk£i*3& 

[0 0 18] *^©S^:5afl<Itt. mmwcsw* 
AD (Analog-to-Digital) SSSfflSMiBcffi© 1 «± 

ttzmi&tzztiz&z, 
[0019] *%wa)W.ft%gmt, gxim&mzT 
* p trnfr e t*j* >m\zw&? zmz. \s\mz 94 1- 

[0020] 

iBISgPi, BufBIB1fgP6 N 6<Dm3iltil7D*SElcSSS-r5 
g^gPis B5iB©1SSP©tti73ffl^*3i»-r*3l»a5i:, 

IBIEI(J*Jfflia5tts 1 orofBlfgPlcStllfl^U^iUlcffli 

[0021] 1 0fJEic^*«®gHicfc^ 
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mzvzttii^ sE«Bfr&B*ais*ifc«3M» 
*,<fci,\ cia)j:35:Ji^ mssasmt* mwteowz 

* tfBft Lfc*BU:WSiJ«**ttl*-r * * o LT*> «fc 
[0 0 2 2] MEittigPtt* y-h««SH±*W 

[0 0 2 3] $fc» MEEItSPWu aUVMbTT'flMK 

[0024] CMOS (Complementary Metal-Ox 

ide Semiconductor : ffifftt&BttfblMPWt) H££ 

7±fcJIB-r*.J:5fcLTfcJ:c\, «AHf» HufBO&SB 
ftBXftlcft U Mk0>HX*IBtta>7 h 'J y 

BBfcrawsflWfcBtrsBiiiaB*. &H£fr6 

<D7l/-k ■ tt'Jit— BttttUfcV. rS^/U-T'*- 
□ •^S&LT* NTSC (National Television System 
Committee) JfcSCXteVGA (Video Graphic Array) 

[0 0 2 5] *£E©£2©fflEli\ »¥ft<*)Hll 

«*hfc«w»*reiifl»£ LTEiwsaiwMM 

IJI3JW5aw!)lH*fll**aWir*ail»i:, SHE 

J8*ft*BBBB©ttB«!l»*5£?a&oT, (a) 1-3 
©E«»fc»lM*U^/Wc«MiT*«^i*E1M" 
57f->7i> (b) tterat*ttB?1tt>H«SttB 
Sj*S«3M**BB«te»#LfttfSE1M-*Ayy 
7ts (c) SIBffiSP^5K*aj*tifcmattfg#JcS^ 
l*TSM*I^U£W*©B*;!f*IIEBMWca5 

^Ttk«aasr*xry^i, (d) wmwm^is 

W«TO*U^U«*«BIEMEB1WWWJ« 

25*, BEXr*? (d) U:£lvrttia*ft*«aMi* 
©«WB€tKfrr*C f LT, COBB 

[oo2 6] 2 mmimzmmmnowm 



MWfimte. * 6t=» (p) BEMR©E11W$>**lc 

*EB«^f»7t, (q) SEitswes^ajsn 

fflEB»*fcS^TtMR^r*A7 1 y7£» (r) 15 
IBSW»/M«¥(*©W**fl«fbUteWBJcWi!Hl** 

*»3RLT^J:(.\ C©*3fc«£, 

[0 0 2 7] *9Ma0B3 0ffiBtt« 

■**ifc*JM»*«3M»£ LTE«r*a»0)IB1i 

g-r^tblaSB.!:. BEti^KSftStttBSJiUrBilifli 
*£LTl«JT*UJa»i:**BU 1o®E1MW=» 

fs©E«wc«3p#©w**»c«ar*wiifli**E« 

[0 0 2 8] *&!&®£3 4)fflmiCfll3aKk&B£J:tl 
If. »3Wtf«¥ftOW**t=l6UTBS-r*WK(i* 
I*. JMffi*KJ:yJMII£tifctt, EtWBfl) 1 olcEB* 
ft*. ^LT. E«BfrS«»I#*Sl*aiLT» Cft 
*»»«*U^U£tttW*CfcfcJ:yBBia2i*» 
5. 

[0 0 2 9] EC?, «^3fc*8HJLTB*tf£LTB 

;l/£Ttf5#gtf£*o *58E©M3©Bffi(C 
#**«£ElcJ:fttf, Jt&SPI*. 1 -3QESB&6A 
a*ft*BM*U*/U*BB«l=fft4fc±#Slifttf 
6flSfflE1tfffl»SA**n*«^t]t«rr*«fc5li:L 

BTtt»»U^U*fi<M!3£LTfe*» BB©Bafc£ 

[0 0 3 0] $fc» *«W©S4<0ffilJffitts tt^ftOB 
**fcjSi;fcm«M*B£T*»fe»fc» BEfi3tt» 

mjim^mosTzm^Bt. b0MB(££^tb 

*l;!:ft/-;:ES;fi#:&1I-3Wi^£ LTEBfSBBTOEB 
8uE©£B1SSfrSf&*aiLfcfS#*A7jLTlt 
^rslt^SPi:, l9Etkl«McA**ti*»fll*tc»L 
T/«-r7*Afll**«lnif S/WT'ABi, BEJttBBK 
&0«ltftttiB*BJIHI4l: LTW:bT*lMj»£*Jl 

iu 1 ootmrnzmmmms^Mzmtzmyfii® 
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fflST*WM»*E*U m&UTXmt. Rio 
®E1t$frSt3Elt®&fcA7J*ft*fi#KttLTS3i 

warn*** iiii^itmi-r^a^ggT-ss, 

[003 1] *3PS03l4(Dffl«c&5ffi&£tSl;:«fcti 

a, tgsasiCcfc vm&-£tirc&. Esas© i okes* 
n^o *lt> itis8& i o©E«wfrsi«*tt*ft 

[0 0 3 2] ±a5Lfc«fc5lC* *l03fc«*ffl LTS** 

*U*«JU»"F»f *CR *»«©*4© 

Mlllcfll«JIMflUcJ:ni& /\V77.8P(i. i1o<D 
E«»*SinBtt«WcA**n««U:» LTMMI 

*b"<jUftfi<R£L?&*« BfF^OSO <!:<!: t,lcg* 
C^(tM5tT\ •Sf-f-f 5 7-? • UV5>©j£l^BHTSI§ 
[0 0 3 3] *^©*50«ISttx «¥**©!£ 

S^«fli?L. ®E©ftE«»Jft»SH*aiLfc«*©]tlBl 

*sm£iiSifi^<!: i/naar*** 7©jMt&n©En 

WaT$oT> (a) lOflDEtMWtfMMWL/* 

^wcaa-r*«wi^*Eiir*^xyyi» (b) fa 

©EtMMC«¥<*© * t&HST * «3M»«E1W 
57r^i, (c) Blo©E1t»**6W*ffl*ti* 

t, (d) SuEXx-yy (c) |c,J:UI$nnKft4lc± 

*W«Hl#«JtRT**x'.y7£» (e) HEXt?? 
(d) tc«fc*Jt(l»SjR*HJlSlll*tUTai*-r«^xy 
7<h, *S^*c£*1t«£T*M**H©KlliSyW 

[0034] *£«©£5©fl!iffli;:tt5&flt£B©rab 
«HK&3fclc£fil& S3OT*H»*©E*Ste(SUT* 
£T*«*fl»tt» «TOlcJ:y*M**i/!:*» E«* 
© 1 ofcEttSft*. f LT> 1 0©E18WA^6R*ffi 
*AfcWW»*«W*U' , W£LT» fl&OEttflSfr 

[00 3 5] ±5ELfc«fc3^ tt^HSttffl LTW** 



MIlz«ftaitmanMmAraJ:tiI& 1 o©E 
SLTfi<fcttitCs ^M0«ifi £ £ fc KS* 

«r*ct* 

[0036] 

WSJ *3iwtc«5]i®gBtt. «¥<*©«*3-sm 

t. mmtmm**m*m*t LTE«-r*«»©E« 
^EiiawDWttij^twEtcaaft-rimirwt* 

marsaia*** ftaarafcftiHflrraraniiflitfd: 

[0037] ■nmaicj:«HMnHcj:?T, i o 

©E«*fcS*fl» U"Wfc«3T ««3MI**E1tr 
fa©ES8l5l!:tt»¥{*fl)WS*lc*i^-r* 

^l/t«¥#©W«*i*3linW=fet''TttlW*. * 
[0 0 3 8] *9MllC.I:tU& »¥fW)W**<0B|«tt 

fcOf6©^(c]fc^TIIlB&8©«B6iJ*f55 C <!: T'i* 

So 

[0 0 3 9] Sfc, *fmtcJ:ti(df. Ti-aVmfrZT 

•ftjturscitf-p**. 

[0 0 4 0] ftiS^w^ttiffl^ 

[0041] $ fc, *^w©m 3 nmm 5 oftfjatct 
tit*. fflHigMtt, mmmzmuoyis-k- ttvt 

■ TWiims&'ao nic/ uTx^timtt * c ^ (e 
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[0042] *nB^o)Treic<6os». mw*uu& 
sasr5*^<oii]ifi>j^«r«iiffiics^< <fc y§¥ 

Iffl&BtBJllcJ: oTB^e6H^^T'£5 5 . 
[0043] 

[8H4>Stta&ffi] J-XT. ■IB«*llt«tf6*iMI 

[0044] 1 1 eMBai 

0 1 Ktt, *?gBJl©m 1 ©««Bau:«*»a*?©H 
tt, M x N«Z>Ij^ 1 2 :^7c7 h ij >y •J'T.ttlcSa 

[0 0 4 5] a»^P7^-5 t i*l/-^2li, 

[0046] tfc. SOEUSHOtt. ■tt^ny*- 
*¥*[Rllca£A/^M<@©*teil^6S*li*fTO 

[0 0 4 7] *fc, &aX9JSKEB£tlfelli7Jl9B4 
»*. *affl^2 3 0*rtLT«fMrtl*«M6frS© 

[0 0 4 8] wimmmsm* nzt>-5&mmz&& 

ST (30 1), lES/t/l'XpPTX (302) . gft 
fl»KitiUM/X<pRD (3 0 3) » ^iUTR-1g 
jg/<0U7.<pMTX- 1 (304) . ^t'JTR-lS^ 
Z\°;bX<pMEM-1 (3 0 5). ^'J TR-2&j£/\° 
>M.<pMTX-2 (306) „ 'J T R- 2SI&/W 
7.(pMEM-2 (3 0 7) , -f VM— £ A5S$Ji/fyUX<p 
CMP A (3 0 8) x -OA— 5» BJI$gM°rt/7.(pCMP 

b 009) , mmmmunv7s<pPo\jj 01 

0) » ttlWE. U-fcyMUEVRST (3 11) 

m^o a d ssiffla-£*©f6©ajH!ia*aE t * £ <t 

[0 0 4 9] flAtfCMOSatfifcafBLT* ■IKv 
?<l:5fc11®fll^fc©T^T©[H]K^:L-/l/5\ B- 
*v 7±fc**r* Z £tf Pitt?**. 

[0 0 5 0] liaS?AKE$l?ti3HK1 

tt. SBt»10^ *14HI82 0&* ^2li1sgiJ3 0 
is l!lSflV4 0-1fr61BkGflS4 0-kS?© 



[0051] s%ai o«> 

*3WH»OTP*y* -MHCtt7* h • (P 
D) ?tSJ5E3Fft*o 0©IMW*s SfflMUMI 

^1 1 ic*y*j«p*ti*. 

[0052] Ml H*igP2 Oti, S3fc»1 O^SIES* 
tlT < $**«*«&«(©& 2 Jgiggl! 3 0 Ti&S-T 3© 
KmLtcls'tMzm&t aiUMgHEIbA 
#2 1 (Cj^TajeSftSam^SV^TaaHl* 

[0 0 5 3] »2iM«flS3 0tt« H14HIV2 0fr5g 
»*ftT < *maffl»*««©«B*»4 0 Urfcl^TlE 
(W^WKaLfcU^UcS-pJiBf SittiK, M2 

[0 0 5 4] m 1 Etta 4 0 - 1 ~mkfB1S§|54 0 - k 
fl»6*«kfflOlB1taW** -r^TM2«i|igi53 0Oaj73 

icaasftTis y s c ©Jtmia©«**E«sraMi 

{IS k tt, ga8©aa»afcfc^T#a&afc<fcoT3i 

[0055] Mtm&tfmm» 5 0 1*. m 1 ewss 4 0 

- 1 ~mkl31ISIJ4 0 - kc9?^T£>aj73K&8S£*XT 
fey. -r^T<DXtt-a5Of3ffiSP4 06^<DtB7DS5J5^ 

*Erca&'*'3££t>fc% amnrams iic«t:y« 

[0 0 5 6] IUTXB5 5H. ;1»SP5 0 

[0 0 5 7] tti732iJ6 0tt> t&WRXf2lMB5 01Z*. 

u^/kc^sslt, aj73SPa»ffl^6iicj:ya«s^ 

<5 V^Ta«ttJ» 7 0 1 LTHJ 73**0 

[0058] ^gj^oiEijMi^ 1 1 ~6 1 ^ wmm 
mmm^m mm «MLT»a«?««#wiMa 

1 1~6 1*^SLT. TkWlpHC^MfflOWRffa 

[0059] sHS3&>6©aaai737 0tt, aaa^t 

[0 0 6 0] *»W**aT*affiB«©B 
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[0 06 1] 7*h^-r*-K(2 1 ^)^ts A«ft$ig 

[0 0 6 2] (2 1 2) it, nf-**>U©MO 

S (Metal-Oxide Semiconductor : £gKfbH¥*ftO 
h^VSJA* (n-MOS) -c?«fi8*tl, y-Affi0te7 
*Hf-f*-K (2 11) tf*«**U&£fc*,l=, Kl> 
-<ym\ZTyyiR (2 14) ©y-h^^S-tlTf 
5. K2STR (2 1 2) V>7- hlCA^tt^ftaS/^b 
7.<pPTX (302) tf/VT • U^iWC&oTVSfS, 

h^v-yx* (2 1 2) tfa-vartu 7* h • #<C*- 
K (21 1 ) \zWm2tircW : ?te$£&-ZtiT7>7T R 
(2 1 4)©y-h«ttiUT«lffl*ti*. £©<£:*© 
7V7TR (2 14) ©y-HMVFD (2 4 0) 

[0 0 6 3] tj-b'y hTR (2 1 3) lin— MOS h 5 
VSJvWWIMMtfU V-XWIEiMTR (2 12)© 

KK^Kfic/vnR (214) ©y-ncs«is 

(3 11) A^epfiP?nTl^„ f LT, 'J -try hTR 
(2 1 3) ©y-McA7J£tlTl^'J-fey h • M°>U7 
<pRST (3 0 1) tf/\-r • U^HC&oTC^IBk 7 
>7TR (2 14) ©y-hafilVFD (2 4 0) tf'J 
-t^HEVRST (3 11) le<fcoT;£££ffiU:&-5 

[0064] 7V7TR (2 14) lin-MOSh7> 

! jz*?mi&zfts v-i-immTR (212) ©kl> 

-I'VMmc'J't'y hTR (21 3) ©y-7.KJg*?i3-ft 

mm * v-xmit&m^m&LX'f'y* (21 

6) \z®mtlTVZ tt *>lz. KU'TVflHEttWWi 
E (VDD) tfBHBSftTI/'S. 7>7TR (2 1 4) 
ttx gMKHSajLAf')/* (2 1 6) 
l^*«U t©y-h«ttVFD (2 4 0) (CfKUftfEl 
* KU'VtfSy-AlcSWCiitf"?**. 
[0 0 6 5] »U>h • (2 1 5) 1*20© 

n-MOS h 5 >S>X* "ClIWMrtlT* Us & h 5 > 7 
A$r©y-X«W»tt**iTl^5i:i:*»fc» KU-fVfflQ 
*HBfcfl»RajLA'('y3 1 (2 16) MfflHrfrtv 

*jU>h • (2 1 5) tt, fi^fi^RU] 

LX-fv* (2 1 6) ^ytC*-3Tl"*H> 7VXT 
R (2 14) fr&Xh&&tXa>flfe *U>h • 55 
2<@©h5yvX$©+MXJt (JWWK 

i*» h^y-yx*©?- h««wuTa5ntfy- h*i© 
[0066] g^fi^KajLT.-r-y^ (216) *mm 

T*2C>©h7yi>X$tt^-f*Vt>n-M0S h^VS? 
X4r-p««*hT^*. C©*h5>5*X*©y-*«| 
tt*U>h • 55-IHK (2 15) tCfflJt**lTl**. 
—•j5<OV5WM«> KU-OffliJli7>7T R 

(2 i 4) ©v-;UcJ8«*tiTi**££fci;:» AS*© 
h 5 y S>X*© K L"T VfflO«* € y T R - 1 (ESX-f v 



*(2 1 7) &XflZ* : E<)TR-2&m7><<'y* (2 2 
0) ©y-xatfJUVTR (231) tttfK**/f->*A 
(2 2 5) icSHJtetlTl**. 

[0 0 6 7] gStfl^RtBLX-fy* (2 1 6) *M8 

r *s h 5 > VTsWf- h (ca7d* n^gftft^Raj 

L/ftUX<f>RD(3 0 3)6V\-r • U^JUCfcoTV* 

fHk yyzfi r (2 1 4) £«ia*"*iii»tPauvh • 
(2 1 5) (csdtu&a^ *uy h • =7-0 

K (2 1 5) B&h7>-yX9©?<rXlfclCJ&UTV9k 

*«**ifc«m*» /^'jtr-is^ 

<fy* (2 17) *^LT^«UTR-1 (2 1 9)(C 
3Ml*i\ Xlis *«'JTR-2IBaSX-r'y* (2 2 
0) ^LTP< : E , JTR-2 (22 2) fcafch.* *7tC 

[0 0 6 8] ytyTR-HBSXYy* (2 1 7) tt 

n-Mos h5y-yx*T-*ifi£**u y-xflji*** 1 ; 

TR-2SS^7f (2 2 0) ©y-XffitflCftffiT 
R (2 3 1) £*-Wt5>*A (2 2 5) » ^LTgftffi 
^RifcLX-f-y? (2 1 6) OKUfVlcSftttiTl^ 
5. *©KU-rv«*» y^'JTR-1 (2 1 

9) 05KU'ryatmc/ : euTR-is®^X'r«y^ (2 

1 8) ©y-XlcSNRStiTl^. *LTs y-hicA 
73**13 y t g T R - 1 S2£; OUXT <p M T X - 
1 (3 04) tf/W • U^WCftoTL^W, y'E'JT 

R-1 (2 1 7) [c«x*3n-fl#*r«. 

[0 0 6 9] y : E'JTR-l!raM/'0U7.<pMTX-1 
(3 0 4) */vf • L/^/l/fcT*WMtfS3HWBIlllL 
7M/X<pRD (3 0 3) tf/W • U^/UtftSSBHlC— 
&LT^3£$ti:& /t'JTR-1 (217) *3fch 

sa-mtauy h • 55-ow (2 1 5) iza-ozmm 

itltcWMZ^Js yt'JTR-1 (2 1 7) »£©!! 
8IWHB1OT* C t «B5. <pMTX — 1 (30 

4) */\-r - u"Ciwcf*wia^ ^a?-r^ftMTR/\° 

/U7.<pVL (3 1 2) <D/W • U^HcrS^lC-a 
LTVZt&Ztt* y^UTR-1 (2 17) (CiBtlS- 

tifc«aitfftffiTR (231) (c9Hi3&<»s -r&^-eiB 

[0 0 7 0] y^UTR-USfSTs-f-y? (2 1 8) (i 

n-Mosh5y-yx$ T»a**u y - AfiPJ^y € u 

TR-lgSX-r-y^ (2 17) 0 K["f >|CftR$tl 
StitlC KU-ryffliJtty^UTR-l (2 19) © 

y€';TR-1ffitS/t/UA«pMEM-1 (3 0 5) 6V\ 
<f • [/"WlCtt?Tl*«n. y^UTR-l (219) 

[007 1] y^'JTR-1 (2 1 9) lip?¥*Jl/0> 

Mosh^y-yA-si (p-mos) -puiastu *©y 
-xm&wmwE (vdd) (cjsgi«n«^^t>(c. k 

H'yffl«ytUTR-l63SA'fy9 i (2 17) ©K 
U-fVStf/^yTR-IJEttA-fy^ (2 18) ©V 
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lifillA-fy* (2 1 8) aKU^VKSttStlTt^ 
OT'. ^'JTR-l&fgMVl/XcpMEM-l (3 0 
5) #/W • l/^jUC&oTVSHtty- h<h KU-TV 

So 

[0072] y^'JTR-l (2 19) li, * 

: E'JTR-U®)i8/\ 0 yU7.<pMEM-1 (3 0 5) 

• U^;l4c&oTV*P^?li> tUBW'M***- KSS 

if*©**.***- c i # Rjarp** (* u > h • a ^t 7 

■MB „ o<D*i*lCfc^T, «UTR-1 (219) 
H2lES%r»1B1i»4 0-l4:LT«)fW*Ci: 

[0 0 7 3] fcfc, ^)JH-2^t7.-<"J^ (2 2 
0) 3tmi:> : E l JTR-2^^7f (221) x R 

t? y * m t r - 2 (222) ©as, mm^mmzm 

ffltttmi'Ttt, y t U T R - 2(g£/t/l/A9 M T X 
-2 (3 0 6) £* : E'JTR-2j©$/^l/7 t <pMEM- 
2 (3 0 7) W-fSVMMT, /tUTR-HE 
3X4* (2 17) MtfKP< : E'JTR-1$SlgA'fy 
9 (2 1 8) SlMt'JTR- 1 (2 19) ©fig. & 

«tt3UHttciwmtt» * ltp^u t r - i isas/w 

3.<pMTX-1 (304) t*=E>JTR-1ffi&rtl\,X 
<pMEM-1 (305) ©^-fSV^'illllfT-fc*© 

[0074] &ffiTR (231) lin-MOSh^Vv' 

•rvffljttSTtffi^gEasLx-r-y^ (2 1 6) ©ku-cv 
^emc^^'jTR-i^jMx-r-y^ (217) .ty^ 

UTR-262£A-<'y?- (2 2 0) ©y-X, MtflC* 
■WW* A (225) icSNR&tlTl^. *LT, h 
JCA7J?tl5^TR/\°;l/X<pVL (3 12) tf/VT • 

tr (231) ©Ku-ryfljicfS£-r3<fc-5u:&?Ti> 

So 

[007 5] -f>/*-*A (2 24) li, -flSWfcn- 
MOS h^Vv^-tp-MOS h7>-?A9K£«fll 
J*? (HctL&I^) v A7DffliJlCtt*^/<->^A (2 2 
5) )b\ aj73fJlttt* + /\°->^B (2 2 8) iWlfSh. 
JWWrftTC**. *fe» -Orf-tA (2 2 4) ©A7D 
•JtW^flHCtt'TV/^-^AJlKX-fy^ (2 2 3) © 

[0 0 7 6] -f>/{-2AJ6&Xf (2 2 3) lin 
-MOS h7V5K*?ttJ8StU y-Xfi*tfKU-f 
VttfV/t-*A (2 2 4) ©ATDaiJtttJ^jfiiJlC^-tt^ 



<£l^) . *LT. y-h(CA73*nTL^'T>/\*—S'A 
5®J&M°;l/X<pCMPA (308) tf/V-T • U^MZfc-a 
Tl^tt, A (2 2 5) ©A7JfJ<!:aj7Dffl 

[0 0 7 7] A 3188 A (2 2 3) m 

>lCtt?7VSHI*s S*A (2 2 5) ©A7Jffl 

<taJ7JflJjbMi|i&**l£©T\ *©a}7JttEttBiiSE© 
Htf^aKfiSf £^EK < . £ ©SE£-T V / \* 
— ?A (2 2 5) (Dtt^EVinv-Atf^o 

[0078] flto*» i->/*— ?A^A-r (22 

3) JM^Iift-sTl^DMi* -OM-^A (2 2 5) 
©A7]ffl©* + A (2 2 5) tc8£-rSS<&KrS 

[0 0 7 9] B (2 2 7) fc— fl&W&n-M 

OS h^y^A^ip-MOS K^V^A^ICJ:^^ 
T'fciK A2H1JU:*-W\°->$B (2 2 8) tftttt&h* 
irit^ tii73filKliil^ajLXl'->'^ (2 2 9) © 

Ku-fv<MStt*tiT^*. -TVA-^B (2 2 
7) 0)7<hmt\&-hmfc\t. -OM-^BJl&Afy* 

(2 2 6) ©V-Ai KU-T Vtf*ft?*lSJ£?*lTl" 
[0080] -OM*— S'SJUgT.-C-y^ (226) (in 

-mos \>7>vz*-em&tetu y-Afc<fctf Ki^r 

(2 2 7) ©ATlffliJiltiiTJffllJK^ft?* 
ft&SSStlT^* «IU ^©fcfl&l^tt-?-©!*?*. 
«fcl/0 o ^LTx y-h(CA73*nTL^-<V^-^B 
$U&M 0 ;l/7.<pCMPB (3 0 9) tfAY • L/^Ucfco 
-O/t-SB (2 2 7) 0A7Dffl'J<i:ai7Jffl 

[008 1] <>/\"— S»B5®fSA'T^5 1 (2 2 6) tf* 
yicS^T^SP^i, -f>/<— 5*B (2 2 7) ©ATlfJ 

— ?B (2 2 7) Oilf^mEVinv-Bi-rS. 
[0 0 8 2] 'r>/^-'?BjS^X-r > y^ (2 2 

6) ft^^lcSoTl^P^tix -fV/^-^B (2 2 7) 
<DA7DfJ(eS5*^/\°->^B (2 2 8) lzm±tZ>mtii 

icis cfcHEA^ajTjfflijttiin^o 

[0 0 8 3] mMIULA-f yf- (2 2 9) lin-MO 

s b^yvwemtitetu v-zmtmm<mm (2 
30) izmmstiztt**^ Ku-r>ffiijtt'fy/\"-'? 

B (2 2 7) ©ai*)ffimc^>M*-2B3S$&7.-f'-y* 
(2 2 6) ©KU'TV (iL<l*V-7) Icg^tlT 
l^o y-hlcA73*nTl^a^BSajL/\°;U 
A<pP0UT (3 10) tfyvr • U^Hc^oTl,^ 
P^. -<yi\— ?B (2 2 7) ©ttTlSElCtSU/cSEU 
^;U««SBfll«l8 (230) fci££-f5C<!:U:£;5 0 
[0 0 8 4] 114(Cti, H3»CS*r*ttBII6Kfe^T, 
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[0 0 8 5] VFD«\ U3<D7 , >7TR (2 14) <D 

f- i*«tt7»y (iua>) . a*t©ii)frptt» vote 
[0 0 8 6] 7* h • •jr-r*- K (21 i ) iz%wm 

tt^i, IejST R (2 1 2) £:fr>-r3£<!:U:<i:-3T> 

7v7tr (2 1 4)(Dy-hfflyiceai^n5o 

-y-hHtftVFD (2 4 0) tty-fe-y h • U^il/fr 

[oo8 7] jKoiEftMST-r^a^tt, isassna 

S51M*7* h • 94*- K (2 1 1 ) Kfc 

VH = TS-AVR/TH 
VM = TS-AVR/TM 
VL = TS-AVR/TL 
[0 0 9 0] iSU SiCKfc^T. TH. TM, TL 

[0 09 1] 04&tf&sefr6fc#tf*<fc-pK. Mm 
*„ 7* h • 94*- K (2 1 1 ) jbWJ-tr 

pA^e^osa^to, «jStr (212) £*>i-* 

SWiTLTt^y-hffifiVFD (2 4 0) tfgigU 
[0 0 9 2] CCDtZ. giMTR (2 1 2) £*>-f5 

94z.y?z. fftfeoyyyvyvmmbTZifromm 
tLTti'yytttiif. vfd (240) ffmmis'Oi' 

VD = TS-AVR/TD 
[0096] (5C4) £7"57±K7p-;' h?*^ 0 
SOJ^Kfty* ^m^TD^LT^ttSn^B^* 
■$VDte5.ikmtZZtftftfrZ a £5K, (it4) £ 

VD* = TS-AVR-T 
[0 0 9 8] (34) <!: (jC5) ££8^T8S 

aj^JTD^5g£-r^Cl<hli:<fc-QT. S|5JVDiVD 

VD* = TS-AVR (1 
[0 100] VD£VD*£<DMmit (iC6) £^57 
±K7P y hf-St* EI7©<fc-5U:ft5„ HEIfreSMP 
5<t3H:. BJl£7rVD*tt, 7* h^-f KP D (2 
1 1) ©ai;ft£*©££gSLfcB^£VDU:ttLTBg 

[0101] C(DJ:5&Bil^J£E£$iJ§ELfc (f ftfc* 
PVh5Xh©*Sft) ia^i^icti, -flgtC, 
* V D K*t LT*t!*a&£B6 LfcM&fcE^* d 



d (2 4 0) ©fiTtttitttay* a»icAW3fctfw^» 

t'VFD (2 4 0) ttJf^WgT-rSCi^^So 
[0 0 8 8] ±aLfc«fc3ftttfl*Wffl-r*llf» «"JAlf 
@4lc£^T5<>H7^*l*BJ33^ 

©B^^S-U^UVH. VM. V L ^HftJg<Dt§ft(llffi(C 

ftfcS, 
[0089] 

[an 

(3£1) 

(5U) 
(xt3) 

©a) *¥*0B**©ts>*/u* era** ad 

[0 0 9 3] y-HttVFD (2 4 0) 0fil£ 

S¥L^/U£iI«tt8r*0T*fcl:ft <. hfflffiV F 
D (2 4 0) #«ipU^;UT£ofc<fc$tCfg£-r?>S-3S 
«#fB»*nT^*i:*lc«BSTR (2 1 2) ft* 

y$tizmm*mmitTZ7- nev f d (2 4 

0) l£*oTI8ftr*«3l{A:*ltlW*Ct[c*-3Tv 

[0 0 9 4] ZTs CCT\ ±SB0 SCD ~ (S3) 

[0095] 
[»2] 

«4) 

TDt©MlCI40B«3B:W»fl«jaftr*. (S5) *7 
57±tc7P«y h-T5<!:> E6<DJ:-3Kft3, 

[0097] 

[3313] 

D «5) 
[0099] 
[«4] 

-1/VD) (SC6) 

onmtf&r* < * ^ c t it m s 6^t*$ «. 
[0102] cmcMu (a 

[0 10 3] ei<DJ;5lcLT. B^55- < t^a7^-P'9'a 
BIB*!* W V 7 'J > ^f* tvfcBtSiJIf $B T D it <fc o 

WT**. fiU W**««*ADa»-r*JB»!>Wli 
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[0104] T*j*i\>mo)£y ma. mm® 
any?*) yfb. T<Dmb s -£iz&&T%o 
[oio5] eisici*. msiZTTstmiSLmmiz^T, 

£ 0 ttc. ®9lZte. H3lCSVMMftllJIHCj5l,NT» 7 

^T7*h • #-r*-K (211) ©aj^^ADgsi-r 

[0 10 6] BSS'JA'JV^.hLTfiM^n^iiJ 
n*1fcKJ&T* Uf7 7S1) „ *L7\ 'J-fe-yh 
SEVRST (3 1 1) BJl^ScDg^tfcSfl^U 
(B*^E) IcHjer* »f*?S2) o 

[0 10 7] &^T\ 6STR (2 1 2) 0)¥-HZ& 

s/\vux<pPTx 002) ^Enjja-r^cttc^y a 

T7 7S3) „ *niXfi)<Z>$8F.3?*7* h • K 
(2 1 1)£§«3rtlTl^8£m ; ?£7'>7TR (2 
14) hflJKISMLT (77^75 4) . iStfg 
2&n°;U7<pPTX (3 0 2) • U^WCSLTS 
< (7x-y7S5) „ iU C©<!:$IC7 7 >7TR (2 

14) o^-bizmti^mmnmLtj:^ 

[0 10 8] Dl^T\ 'J-t>> hT R (2 13) <Df- h 

icg-tr-y h • /\°yi/7<pRST (301) ^eniip-r^cii 

£J:oT (7x-y7S6) » 7>7TR (2 14) (Dt* 
-hlttVFD (2 4 0) *g*®ElC*KLfc»*U 
"WIOBELT Uf77S7) , Stf'J-fev h '/t/U 
7<pRST (30 1) £P- • U^/UCMLTfc< (7 
7V7'S8) . 

[0 10 9] ±IB0<fc5(C|5^L/i:S*U'<;l/ 
fcttlW***** =E y T R - 1 (219) fcfBffltt-t* 
5fc46lC. S)\Hl#i3S{ilL/\ , ;l/7<pRD (3 0 3) , * 
*'JTR-1li2l7\°;l/7<pMTX-1 (304) , S 
If. *€UTR-UW»/M/XvMEM-2 (3 05) 
^PlBStCEPfiP-T^ (7x-v7S9) . 

[0 110] ZKDLZ. T V7T R (2 14) ©y- h 

K4VFD (2 4 0) ttjfettiaST*-n/c»*u^;uc% 

oTL^05T\ *<DU^/WOSUfcS3fE#7V7TR 
(2 14) KiffitlSo $fc. £#{1^*1,7^^ 
(2 1 6) ^VtcSoTt^©T\ *U>h • ;7- 
EIS& (2 15) ttJ:oTli*i?*lfcm3if (WTv r I - 
U <fT*) *>\ yt'JTR- 1155317^ -y^ (21 
7) ^LTy^UTR-l (2 19) £3»l* C £ 
iU y^'JTR-UI^f -y? (2 1 8) 
;j-;/(C&oT^£<Z)T\ «'JTR-1 (2 1 9) tt® 

[0 111] *LZ\ **'JTR-1ffl|»/{;Ua«pME 
M-1 (3 0 5) £0- • U^WCg-ri (7x-y7S 



1 0) , ^t'JTR- 1553^7^ (2 1 8) tf*7 

yt'JTR-1 (2 19) ti<%£T"3fchTWc 
SSitl -ifciBirr^iitfcfc* (7x-y7Sl 1) . 
[0 112] Z.<T>£1*. gTdfl^gtifcl^f-y* (2 1 

6) £**yTR-HEaSZ-ry* (2 17) li. 
UTR-USI&X-f (2 18) tf*7£ft3<!:>Jt» 

tUL/tjUZpRD (303) Stf* t U T R - 1 63/ \° 
;U7<pMTX-1 (304) =&P- • U^/Ucgf 
(Xf7 7S 1 2) . 
[0 113] J-X±lftB^LfcJ:a^ 7x-y7S 1~S 1 
2lc«J;oZ\ B^*OB2pU^Ucffla-r^l-5!{l -1 
fc^'JTR-1 (219) iCiBlttSJliJbW^iR 

[0114] 7x'>7S1 3J-XKOSflST1*s -S^W 
[0 115] $"T. U-tr-y f-SEVRST (3 1 1) £ 

ffiagfflEKiSyrr* af7 7s 13). 

[0 116] &^T\ U-t-y h T R (2 1 3) <Df- \~ 

icj-b-y h • a°;U7<prst (301) ^epfflrf £C<!: 
KJ:oT (7r>y7S 1 4) . 7>7TR (2 14)© 
y-hWfiVFD (2 4 0) £'J-fey HEV R S TIC 
fcHSLfc'J-fe'y h • L^/UKiS^LT (7x-y7S 1 

5) x mf'J-fe-y h -yt;U7<pRST (3 0 1) *P- 
• ^MZ.mLTtS< Ux77S 16). 

[0 117] CCT% K52STR (2 1 2) ©y-h^K 
5M/\°;l/7«pPTX (3 0 2) ^EPiP-r^ U777S 1 

7) o c:nic<fcoT> 7*h«^-<*-K (2 1 1) IC 
Sa?*lTl^c^??a?*SSLn:^©T (7x-y7 
S3~S5) , SrfclcitfflS^.fcoT^Lfcl? 

(l38<D*-r = >?-^-h<Dgrc»!F.3 (1) lcfct> 
T^L-fcO?) A\ 7V7TR (2 14) Of- Y% 
icSS^n^ Uf7 7"S1 8) „ ?-LT, Blf«S/\° 
;U7<pPTX (3 0 2) *P- • UA;;UcMLTfc< 

Uf7 7S 1 9) o 

[0 118] 7xy7S2 0~S2 3lC«toT, 7>7 

tr (214) ov-t-m\z%i&zhrcW : ?<»mz<Si-3 

T*S5S3H^^ : EUTR-2 (2 2 2) KfBlfStf* 

[0 119] §rcfi^S!aiLA 0 /U7(pRD (30 

3) , y : EUTR-2|i2l/^U7<pMTX-2 (3 0 

6) , Stf, ^ ; E'JTR-2SJgy^U7<pMEM-2 
(3 0 7) *Wm\,zm\\?%Z.t\z£-oT Uf7 7S 

2 0) , *U>h • (2 1 5) iCfcoT^ti 
*ttrcS3S6V : E'JTR-2 (222) IcSfftli^tJo T 
tt*. *=E'JTR-2 (222) (CttS3K»HB (D 
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-2j fT3) tfS&tl*. <IU y : E'JTR-2^7. 
-fy* (2 2 1) A^>tC&^Tt^O)T\ ^tUTR 
-2 (2 2 2) ttttRMWTBlftLTl,**. 
[0 12 0] *LT> * : EUTR-23S$8M 0 ;l/X<pME 
M-2 (3 0 7) • U^lWCBf t Ur-y^S 

2 1), ^^'JJR-l^X^y^ (2 2 1) tf*7 
t^^x **UTR-2 (2 2 2) (£<%3:T*3KtlTVfc 

-2£Etrr«C£fca:* (7.x-y7S22) „ 

[0121] c(D<t$, S3tffl^gsaatx>r<>^ (21 

6) tWJJ v=f- (2 2 0) l* % 
'J^'JTR- 231*83. -f-y? 1 (221) tf*7<h&* 

«^S!ajL/\ 0 ;l/^(pRD (3 0 3) St» : EUTR-2 
ES/^l/7.<pMTX-2 (3 0 6) £P- • U^I/KM 

t-s-fsy-TweLTa&s af-y7*s2 3) . 

[0 12 2] Xx>7S2 0~S2 3lCj:oT. ^t'J 
TR-2 (2 2 2) (ttt, tt¥i*«>HS£Kffii;fcra 

[0 12 3] ^etC^WXx-y^S 2 4JSBTU p< 
^EUTR-I (2 1 9) SW t ^ : EUTR-2 (222) 
lC*tl**lE1Mr ftTl^»«» I — 1 <t I — 2 fctt&lT 

[0 12 4] **\ * : E'.JTR-2g&7.f -y?- (2 2 
0) ilft^TR (23 1) ©S^-McttL-C^VT 
R-2eSA';U7s(pMTX-2 (306) St^&^TR 
/\Vb7.<pVL (3 12) fcEPiinr^CifcJroT. £h 
5V^X^^*XCf5o y^UTR-2 

(222) tlTt^* W« I - 2 fiffi T R ( 2 

3 1) lC3fctl&A,T\ ^(DlSiEfilltJSU/c^SE (W 
"F» rv2j tTZ) #KU-f (3.x -y 
7S24) . 

[0 12 5] CVtZWimz. ■<>rt-2M§&X4y 
=f- (2 2 3) £*>Jt-ZBmi&X<{v* (2 2 6) <D 
^-hlCYV/X"— ?A}I$g/\ 0 ;l/3<pCMP A (3 0 
8) &lK>/\*-$B}I$g/\>3<pCMPB (3 0 9) 

•fV/t-$A (2 2 4) £tf-f>/\*— ?B (2 2 7) <D 
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*WfrS©N*®*lM*H1 0 13(4, 7k¥aj7DlslK 
1 030tcS^nTfc*J. ^<Daj7Dfi^tt. ->'J7/b 

ffl»*ftT«wiE?i oo io^»i=aj**nfcy. m 
73 u- K*»a(c-r*fe»[c/^ uiUTWMw 1 o o 

1 <D^C{iS73*n5«J:5lcftoT^'2.o 

[0231] ffl^^s 10021*. mmmm^mwit 

[0 2 3 2] $7c. SitSSlIllK 1 02 01*. fl»3i£ 
SI 0 0 2[cfe^T»**tlfc^Py^ • /\°;U7s*. * 
TSlRHcat/u^MflOfllffiHilS^SftSHlStTOS^K 
»LT. IM**-rSvy*-f6Lft<j«6WltlWWl*1 

0 1 2«AT4tWr«. 

[0 2 3 3] HI 4*lc^LfcBJWSW«*1 0 1 2 
I*. #HX«rabT«fctt0Sfttf8MP/t;l'* 1 2 0 
0. JtflOWfl/0U^1 2 1 0. 3l1iEteSP#J8i/W7x 

1 2 2 0. m2fB1iSPW/0U7x 1 230. tkimJS 
/MXI 2 4 0. AV7 , XSP»/\°;UX1 2 5 0. 

Tai7jSBSijap/^bAi 260 (ttas) »o-i*t*y[c 
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[02341 015 Kn ffl®^? 1 £*§jsf ^mftii 

OOIi^n gftSM 1 0 Ot, litlSM 1 0 1 t. % 
11311951 1 0 2StfM2B«ISI51 1 03<t:, ttRBl 

1 0 4i:, /W7X®-\ 1 05^ {IJ^lgPI 1 0 6tT- 

[0235] sjhm iooit AftiLrcKo&mm 

UT3WBE»*hfcfl**««B 1 1 0 1 K*fLTai73 

[0 2 3 6] gftBPfrJffllM^T. 1 2 0 01*. gftgB 1 1 
0 0©rt«tt««>y-tey HMfc** 3fcBS&£ftfc«# 

•M°Jl/X<pRST (120 1) , 3i2£A°;l/7.<pTX (1 

2 0 2) 

[0 2 3 7] *H«M 1 0 m SftBin 1 0 0^6© 
tb7]ffi^A7]LTli*iL/i:ffl^ «1 BttflM 1 0 
2&tf8S2ieSSB1 1 0 3lc^LTtB7J-r^o 

[0238] wtammiw™ 2 1 on n<t@g?i 1 

X?*»J» JMMVRtilUtJl'ZpAG (12 11) tf£ 

[0239] snieitan 1 0 2Mmcm2§BitaJi 1 

0 3lt 1MHV1 1 0 1frSl«J*ti*<»*IBtlLT 
6*» JtftfflM 1 0 4'\aj2rr*<fc?fc*oTV>*o 

[0 2 4 0] mi fBttttM&l/tJl'X 1 2 2 0ftflCl2 

immm/w>z 1 2 3 0 n *ti?tin 1 ems 1 1 
02, si2iaiispi 1 0 3^<Dmmm§mx.xf^m 
ta LW>ft<M»m*fi?o m 1 bmw/ow 1220 
ten miiati/\°^^<pMswF (1 22 1) , mils 

iy-h-/^MGF (1 2 2 2) 3t)^tl5o $ 
fc, m2IB1I8B$iJffll/\°;UX1 2 2 01CW, ff2lB1t/(;l/ 
XpMSWS (1 2 3 1) > m2fB1t^-h -/\^UX(p 
MGS (1 2 3 2) £^$tl£. 
[0 24 1] it«BB1 1 0 4B, m 1 f B1§gP 1 1 0 2M 

mzmumgn-i 1 0 3frsflB*:±i;**i£<§^£A7jL, 
t, mttimLrzgmtLT 0 (a- • u^;u) xt* 

1 (/Vf • l^;|,) ©ff^£tij7J?*o 

[0 2 4 2] Jt»SP»\°;U7>1 2 4 OH it^SBI 1 
0 4©ftftf&y®£^?A7]A°^7.TaolU ft?§A°;U7x<p 
QL (1 2 4 1) , 9mWi>\s*<P I NV 

F (1 2 4 2) . %2>(yi%— 9mt&/W7.<p I NVS 

(1 2 4 3) 6^$tl5o 

[0 2 4 3] /WT'XSBI 1 0 511 tt&HPI 1 0 4K 



[0 2 4 4] /tfT'XflHMfll/M'* 1 2 5 OH AV7" 
X8P1 1 0 5frStti:fi*tt3/\V7*«#£SJi»-r*fc 
A6©A71A'/l/XT£»A S1 AV77. • f- V • A°;l/7. 
<pGBF (1 2 5 2) , M.mz. 3£2/U7X'7-b 
•JWX<pGBS (1 253) ft^&tlZo 
[0 2 4 5] tij73g|51 1 0 611 it®SB1 1 0 4©Jt& 
£JRffl4«HRfl? 110 7,!: LT*ffiB*0!maWEai 

[0 2 4 6] StiJjSPSJffll/fJl/X 1 2 6 OH tti^lSP 1 1 

-h • AA/7<pGOUT (126 1) ft^M. 

[0 2 4 7] &(C, ±3!Lfcm{iIiS^lCfc^T7'^Q'?" 
ffi^MTfcSSft&ltfcxv^Wt^KS&tSlIJI© 
IftWlcOUTx 01 6*«HL*tf6BMir*. 

[0 2 4 8] H^S^LTft^lBltgBI 1 0 

2, 1 1 0 3O9Sl^h#-£(Cflre*eilU **l 

^gt*ai LTfritm&mz'fi oTa^-r^-is©^ 

*«38«?tt M 7U-AJ ifILT6<. 
[0249] 01 6{C;*Lfc^7©*Si«n Sifc»1 
1 0 0lcfcl^TS^LTfr5]t^^ai73?tl57U 

t>tlfcBftcjl^aJ7J^06^6 1 lz&m?ZfrtVo7ls 

[0 2 5 0] 01 6l:^t^7 7«ll gft 

8P1 1 OOlcfctt*3£3£Jg<D«^SS£«l,"£V5,, M 
8KE£l^£gftLf=if£©«#»©l>SRaB<l£{b£V 

b (1051) «hu ^niUfcrftHcs^roa^* 

VB' (1 052) <t-r*„ Sftu W*t^O«^*B 
(1 0 5 3) , *<S20B3£*©i§#£M (1 0 5 4) . 
Btl^S^Lfc^^D (1 0 5 5) , #^[CBglMf 
^5VD (1 056) <t: LT, ^*l^tl^§3tL/j:<t: 

[0 2 5 1 ] *T\ CdT\ ft^fttf RHT'B^WK- 

*465o '>5S:^7U-AUT'StP^Ui:55t)5Si:^ 
£<<D7U-A£re£ta*£<!:flt^L^ttM£ 

C<h6^T"$5. 7U-^a«HU«-r*t)-5xv > ^;U« 
[0 2 5 2] ±iB<D£#T-n 0^ii»J> VB (10 
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5 1) <!:0DS^WJS-r57U-i*S^iFvBl7« 
5o £fc* VB' (1 0 5 2) i:<D^ttFvB'lT'£ 
y, B (1 053) £©£j5l*FBl"P*y. *LTM 
(1 0 5 4) t<D&£teF\Hlt1S:oT^%o —15* D 
(1 0 5 5) tttfKVD (1 0 5 6) tt3£tf??£L£ 
l\ 

I VB = K / FVB1 
I VB' = K / FVB'1 
IB = K / FBI 
I M = K / F||1 
[02 5 5] ST. WWWU^MrRHfcLfct*, 
±E©*5fc«l' k 3fcD 1 0 5 5, MtffcJHtltffl^XV 
D 1 0 5 6its CC?tt&L?l^&**B$n&3lMift 
*7U-A©Bfc»*^*»fc*^©?B****IW" 

RMtCOy±»f*t, Ell 66^5 ipJ?>«fc^lc. HMD 
(1 055) B7l/-.bFD2?£A&ft'3£3K&S* 

?6icBtSVD<j«7U-AFv03'C > S*>5C<!:<« i "J5. 

I VB = K / FVB1 
I VB' = K / F VB1 
I B = K / FB3 
IM = K / F M 3 
ID = K / FD3 
I VD = K / FVD3 
[0 2 5 8] CCT&SLttlttlO&Slrt)!*, ±IB© 

(31 D it (37) &nu?s»j, tfc, 

tfSS^tt-r© (31 2) £*mi;iCftoT^*£t^ 
A?S«. 7U-AFvBitfBIW*©«'h*tt 
T\ StD©7L/-£tKfB£iL?l^J|d[i:£i;39E*? 

C©J:5«:3Sft*j8lt«/'c46tC»i, 033 

[0259] cn$r©amc«fcy. BSi/>#*«mLT 

I VB = K / F VB 
I VB' = K / F VB' 
I B = K / F B 
IM = K / F M 
I 0 = K / Fd 
I VD = K / FVD 
[0 2 6 3] 01 7»ca£3W«*©«R35-S6KJ:htf» 



[0 2 5 3] £©«£, SJfcLfcflfiOBSS** 
t«*flt#U^;UtSjjS©7 U-A#**ffl^TT3© 

[0254] 
[«5] 

(37) 
(38) 
«9) 
(SI 0) 

y-r>***<-T*cti:»«©Ma*ff-3TL , »*i:# 
[0 2 5 6] ffl*l*MU^Jl/*R|.£Lfc&«©*tl 

[02 5 7] 
[»6] 

(SCI 1) 

(31 2) 
(31 3) 
(31 4) 
(31 5) 

(31 6) 

*» Bn©«atttiKS*u^u*«^(Eoy±if»i 

[0 2 6 0] hi 7lctt» *©J:5*S*U^;U©»S 

*U^/l/ttRH#6*&£oTft4fc (rftt>«BB©« 
i^iiitlc^iattlc) ±»LTi"*s WSWfcttRLfc 

[0261] Ei7 lCjSTW*tffflft$f-f*- 5 v<7 • u 

a*i/tji'&©£j£&s, a»Lfc**ifti©jififflw« 

[0262] 
[«7] 

(31 7) 
(31 8) 
(31 9) 
(32 0) 
(32 1) 
(32 2) 

#JM=W*tWB (10 5 1) fc, (1 
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056) ^mmztKttmc&T-mwz&trsz. 

[0 2 6 4] Jftvp, ±&LTz£?rj;?Ji-~y? • U 
[0265] 018 Icli, 0 1 5 IC* L/tflMMRTOJH 

So 

[0 2 6 6] 01 9lcli. E©#ffia*055» gftSB 

1 1 o o tmma 1 1 o i AMmuficiMiicsiLT^ 

So 

[0 2 6 7] SJfcSM 1 OOtt 7*H4f'f*-K (P 
D) 1 3 0 1 ts IS&V^y'J** (TX) 1302 
ts 7Q-T-f>f -T-<72-y3> (FD) 103 
3i, ijt*h- V^y'JZ.* (RST) 1 3 04^5 
«**tlT^*. * LT. 'J-fc* I- • h5>5>*4i 1 3 
(MlcttU-ky h '/l/l* (<pRST) 1 2 0 1 
5*1* tttlC* £Sh^>vX$ (TX) 1 3 0 2IC 
l*IE2S/WX (<pTX) 1 2 0 2#£*.&hZl x S. # 
A7JM>7. 1 2 0 1. 1 2 0 2 USftBtrai/tJl'* 1 2 

oo (sua?) tc«ar*. 

[0 2 6 8] *T» 'J-fe<> h • V^y'J**RSl 1 3 

0 4Ktt, 'J-feyhttE (VR) 1 203tfEPJjD;*'tlT 
l^S<DT\ U-fevh- M°;l/3.<p R S T 1 2 0 1 £ A7Df 
SEtlCcfcoT. "J-fey h • h5>-7**RST1 3 0 
4tf*>ttWCffly»*3*i, 7a-7VV?-7 s -r7 
i-73>FD1 3 0 3l*Ut7 htffVRI 203© 

A°;bX(pTX1 2 0 2K<fcoT3££h : 7>-77x*TX1 

3 0 2fi«*>-r*i:» 7* nr-r*- kpdi 30 it 

>F D 1 3 0 3fc|E»**l-*\ *©*WM«:iSi:fctttt 
tf7P-f^V^-T-f7i-v , aVFD1 303lc£ 
STSiltlcfcS. 
[0269] 7P-x-C>^'7 ? -f7a-v f 3>FD1 
3 0 3O«ftl4S3«Ii:»*SLTfey. 
K P D 1 3 0 1 tftfnLttlWJ. SflfflSSfcttWT 

-7-f^-f<72-7a>FD1 3 0 3<7)g&tifi 

TLs sate* ^«£i8£T**?iHM>fc<**©T 

7P-f-0^ • T-f7i-^a>FD1 3 0 3©1HjZ 

[0 2 7 0] 4M81 1 0 1& titih7>-7'7x^ (Q 
A) 13 11*, JMMMJtiJUSI (AGF) 1 

3 12<t. 4HnnRtliL9l2y-h (AGS) 1313 
t, *U>h • 57-B81 3 1 4Stf1 3 1 5<hfr6 
ttfcrtlTl**. *LT> *«»RfflUI!iy-hAG 
F 1 3 1 2&tfJMW8RttlUll2 4'-h (AGS) 13 

1 3KlittttfflK!l»/t/l/*1 2 1 0 £ LTflMHBasRHi 
L/t/U* (<pAG) 1 2 1 1 #*tlftl5;l&tlTl* 



[0 27 1] Jmh7>Stt*QA1 3 1 \Oif 

-MCl*> 53HM 1 0 0ffliJ©7P-7V>7*-x-f7 
a— 7a>1 3 0 3lcte»t5mffi^ffU5a**iT^5„ 21 

ottnTwnmttiutti'*? ag i 2 1 1 A^xen 

S<h> ««h5V^*QA1 3 1 1©y-7x-^-h 
fl«ttTife*««KfWmiUi US 1 h A G F 1 
3 1 2Stf=5- • h^V^T.* 1 3 1 4^iiLT5SE 
tU 57-- h5>5?X*1 3 1 5<t:1 3 1 40+H'X 
T^*ft*tt«Sftfctt»tfiMMWIl2 y- h A G S 
1 3 1 3t 55- • 1 3 1 5£;3frh.S<fc5 

IcfcoZVS. 
[0 2 7 2] 70-T-f>^-f-f7i-7a 
>FD1 3O30>ttt#niM3£* *<©*ai#3IHl 
So -rSfc-5> ^Lfc3^IBWi£if«WB2y-h 
AGS 1 3 1 3<h5-5- • K5>-7'7.^ 1 3 1 5*3fc*l 
Stt3Kli*$ < * U . «§*l*S i: *©13&l*'h* < £ 

So 

[0 2 7 3] £fc. B2 0l:B, 01 5lE^Lfc*flHI 

m<oo%. aicmi i 0 2tii2»«M 1 030 

[0 2 7 4] $1Ettffi1 1 0 2tt, JBlBHth?>5? 
X* (QMF) 1 3 2 1 miiB1ih5>-77^ -7x 
<fy* (MSWF) 1 322i, tt1Ett*-h (MG 
F) 1.3 2 3frS«J$**l7VS. ^LT, ffildlh 
7>^$ • 7-f7fMSWF 1 3 2 2 IcttmilBliM" 
;l/7x (<pMSWF) 1 22Ub\ ttlEttW-h 
MG F 1 3 2 3 Iclilg 1 1B«y- h • /t/UX (<pMG 
F) 1 2 2 2 1S\ m 1 EtHMWt/l/X 1 2 2 0 (89 

[0 2 7 5] rattle. 8I2E1SS&1 1 0 3li. ft 2 EH 
h5>-77.* (QMS) 1331t. ft2Etth5V5> 
X*«*-fy* (MSWS) 1 3 32t, tt2E1W- 
h (MG S) 1 3 3 3 tfre^fiESn'TVSo *LT* 
tt2Etth5V-?;i -X-fv^MSWS 1 3 3 2Kfctft 
2IB1i/^U7. (<pMSWS) 1 23 16\ $fc> IB 2 IB 
«y- h M G S 1 3 3 3 Itli m 2 IBIS?- h • 

(<pMGS) 1 2 3 2*\ m2IB1tg|5*Jffll/^U7s1 2 3 

0 £ LT*tl^*l4?l5tlTt>S. 

[0 2 7 6] *LT. % 1 §31S'7 S — h M G F 1 3 2 3 t 
tt2E«y-hMGS 1 3 3 3ai<&[c4MI01 1 0 1 
l=fttt**lTfey» ±aSLfc»UVh57-7Jtffl*tl 

[0 2 7 7] *T» miE1gg|51 10 2Stfff2E1lffi 

1 1 0 3li. L^y>-S*U>hPtf7[i]iB. gL<li^ 

-AUVhS^-lHlBttBgtftoTfcy. * 
©<t 5 4BfTPfll*lSI.*E1l , r * C £ T-$*o 
[0278] MlElty-hMGF 1 3 236^ 

1EtiA°iU7.<pMGF 1 2 2 2lC<toT5!->«»<!:4o 
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F 1 3 2 2^mii2«/\°;U7<pMSWF 1 2 2 1 \,ZHr> 
Tt y\tW U 8a. £ C i (c J: o TH 1 Etl h =z> y*JX * 
QM F 1 3 2 1 <Tif- b t Fl/-f>AW?tl> m 1 §B 
«y- h M G F 1 3 2 3 £il LTft^ffia&ft tvbtf* 

fifflfitabf^os 1 es k 5 q m f 1 3 2 1 ic 

jfchSCiKfc*., *LT, 81 1 1BIt h5>v»'X* • 7. 
Y7fMSWF1 3 2 27£tt£*:7lC<ajtJg;lT i &fI^ 
WW*3lttf«*Tl**«D?,. m 1 SB1S h 5 >5*X* Q M 

f 1 3 2 1 <nf- vmsaz.. %(»m%w$t>i:mtMz& 

G F 1 3 2 3**7lzq)VW7i2>Z:£l l Z£-DTm^n.yfii 
l*3imS<S*ft «1Effh7>~?X9QMF 1 3 2 
1 (Of- hfflffi3bW£ftT^-5l®'JH\ flm3U*E 
mttiT^ZZtlztsiZ. 
[0 2 7 9] trjOb^. miBH^-h •/'OUX^MG 
F 1 2 2 2 K.fcoTStfSfl 1 E«y- h MG F 1 3 2 3 
fttVKfl'JIiASti*.!:. «^?tiTt^m 1 MBit h 
7V^7^QMF 13 2 1 ©y-hSeiC^^TIBffi* 
tiTffcfi^m-3S)bW-3f5tiaj-r CI <i: B 2 IBH 

gpi 1 o 3*>±mtm&i<Dm?iz&?Tm2n®h : 7y 

i?X$QMS 13 3 1 tC«^l3ft^IB1fr5iI<t6^ 

[0280] 02 1lCtt*&fflm©5-B/W7'X 

951 1 0 5<Dto®ffil8,ZWmizinLT^Z<, 

[0 28 1] lUT7.m 1 0 5tt» mi/W7X • h 
(QBF) 1 3 5 1 t. milUTT.- h5 
y-J*$ (QBS) 1 3 5 2,1:, mi/W77.-y-h 

(GBF) 1 353L ■ b (GB 

S) 1 3 5 4£T-«fiE£*lTl^o *LT, /W7XSB 
$!lJ8>/tyU3. 1 2 5 0 i LT, b^y'JT. 
•JfQBF 1 3 5 1 £%2lU77> • h5>v>'7.£QB S 
1 3 5 2\Z\tlU77.nS. (VB) 125 1ft HI/* 
-<77. • y- h G B F 1 3 5 3 lZit% 1 / W77. • f— 
b -/\°;UX (tpGBF) 1 25 2ft S2/W77"f 
- h G B S 1 3 5 4^13:112/^77. • h • M°;l/7 

(<pGBS) 1 2 5 3^f-tl?tl4il5*lTk^ (It 
35) . 

[0 2 8 2] *LT\ mi/\V77.-y-hGBF 1 3 
5 3tM2/K77.-y-hGBS 1 3 5 4<Dfcti7Jli£ 
lEtttfl 1 0 2&tfSg2E1fgP1 1 0 3<DttJ^ti:g^ 
■ZftT&J. SIBIfgBI 1 0 2, 1 1 0 3A^6ai73*n 

[0 2 8 3] 311 /W77.- l«7>S>"7.*QBF 1 3 5 
1 t%2JU7* • h^VvU^QBS 1 3 5 2©&y 
-McttlWUM^XSEVB 12 5 1 ffmitetlTV 
Z<DT\ iQb^y'JX* •V'CXlzfcVtcW.ytiLZmT 
C£tf?ZZ&olzKr>TVZo LfctfoT, %MU 
77 • f— h G B F 1 3 5 Z\Z% 1 • h • 

/\°;U7<pG B F 1 2 5 2A^6P<lP3'tx/j:<i:$lc3Snai5/^ 



-rZ^fflStfO^Ji:, m2/K7X-y-hGBS 1 
3 5 4tcm2/W77-y-h -M°;b7<pGBS1 2 5 

3 tfEPDPS *iT*3MitB 5 / f-T 7 713SCD*£ ?«DiS^£ 

[0 2 8 4] H2 2K& tt&g|n 1 0 43tmc 

tuftsin 1 oe^rtSP^fiE^ti^tipaatc^LT^ 
[0 2 8 5] JUSflM 1 0 4tt» fffiy-^yjx* (Q 

L) 1341i, SI *-W\°->* (C F) 1 3 4 2 <!:, 
%1-4yi$—$ (INVF) 1 3 4 3<t, £1 -OM- 
$5®Si&7 (SWINVF) 1 344^ £2* + 
/\'->2 (CS) 13 4SL S2 0/^ (INV 
S) 1 346L I^-TV/*-*®**.*** (SWI 
NVS) 1 3 4 7 <tT*lflfiEaFftT^*„ *LT, ft?5 h 
5>>>'7$QL 134 1 lCttft?S/\ 0 ;U7 (<pQL) 1 2 

4 1ft SH>/(- *5S$S7-f-y?SW I NVF 1 3 
4 4Ktt*1-r>y«-*fi»y^UX (<p I NVF) 12 
4 2ft I2Y>/(-iiW'1'7fSW I NVS 1 3 

4 7(cttm2-r>/^— zm&/wz (<p i nvs) 12 

4 3ft J±i$gBfWM°/l/7 1 2 4 0 (Sua?) ilLT^tl 

[0 2 8 6] *LT, g?5h7>v > 7.^QL 134 1 
(i. MiiBHSPl 1 0 2. S2fB1igPl 1 0 3, RlM 
^T7XgP1 1 OSOSdlTlHUg^^Tfc'A C*l6fr 

5 l±J73?*l5ft#13S« ATDt 5 <): 5 o Tl^, 
[0 2 8 7] JT, E/T^itStein 10 41*, 

tt£.lz£Z*7iiv h*<)-k'> YtzmSlzAlrttitc 

[0 2 8 8] *r» ft^K5>-^7.^QL1 3 4 1 £g 
?5/\°;UX<pQL 1 2 4 1 OEPfiPttJcoT^VlC^y^ 

zctizzv. ttmisuDm^m^ c \ z'ttz) <o 

^*lCESU/cttfiiVZ6^mi*-V/\°->^CF 1 34 2 

<om i <c yn-$ i n v f i 3 4 3 t&ttm<ow®,\z%- 
[0 2 8 9] z\<ot%s mi <<yi\— mwwzcp i 

NVF 1 2 4 2<D911lPlCj:oTSl -<>/^-^S^X-f 
-yfSW I NVF 1 3 4 4£*VlcS)tlg*£C<!:KJ: 
r3TSK>/(-* I NVF 1 3 4 3^^-r^t, m 
1 <<yi\— J? I N V F 1 3 4 3©A7DdJRlfai73fJ^-r 
tirolffitWUfii (mW>/N*— S» I NVF 1 34 3© 
^ffilVTHF) i*»J, |g1*-W\°->*CF 1 3 
4 2 \Z\t V Z - V T H F ©ffiEtCiaS-r 

[0 2 9 0] *a<0*2-r>/^-* I NVS 1 3 4 6* 
^-fVA-^JS&X-r-y^SW I NVS 1 3 4 7KJ: 

■zTmmzffl&LT&ms. %2<<yi\-* i nvsi 

3 4 6©ftfP£l{fc£VTHS<h-f3<!:, Plttlc, «2 
*^/\°->^CS 1 345WiVTHF-VTHS&5^ 
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[0 29 1] ^-LT, Sl-TVA*-* I NVF 1 34 3 
©fittfcHWfcU ^O^s Sg2<>A-$ I NVS 1 3 
4 60)S^S?^LT*5<o 

[0 2 9 2] cniC5l*«*, Jt^-TStd-^CDfi^ 
«9K (" I Y"tT%) «HLT» UtflMS/W7.<pQL. 
1 24l*6Pfip-r?>C<!:lc < fcoT. I YldECftJUm 
fuVY*ft?5h-7>v i 'X-S'QL 1 34 1l:%iJ^5 0 
CtUCfctJ. »1 * + CF 1 3 4 20ftffib5V 
S?7£QL 13 4 1 ffl4>Wftli< $fc<D V Z S V Y K£ 

[0 2 9 3] CiT\ S1 <f>/t-* I NVF 1 343 
ttAftllgfttflB 1 *t/^CF 1 3 4 2Kit^T*I 

a-p* *B«'j^ar ti«\ v y# v z * »j *^ 

Si *-W\°->$C F 1 3 4 2©Sl'fV/t-* 

1 NVF 1 3 4 3ffliJfltittVTHFJ:U±#-r«o ifi 
fc, VYffVZJcy/J^W-fttf, 8HV/H I NV 
F 1 3 4 3<3Art$Mfi«Tf$T£>c:£6W, Lfctf 
oT. VY>VZ©i$. IIO/H I NVF 1 3 
43©ai^H*P- • U^;U<hfc»A VY<VZ55tf, 
Si <<VA*-£ I NVF 1 3 4 3©aj*Jl*A-r • U^iU 

[0294] z(D^5tammzmmLz. S2*-wt-> 

* C S 1 3 4 5 <DMSa5ttfilt>±£S L < It TP** 

z\ &m. j±rspi 1 0 4©aj*j-r*fe-BS2-fvyt- 

£ I N v s i 3 4 6£Dttt*)li. J±&-T3{I^<D:*:'Na£ 
irr> i y> i z (vy>vz) ©i^KA^ • u^/u 

t&tk I Y< I Z (VY<VZ><D<t:$U:P- • 

[0 2 9 5] aj*jg|31 1 0 6(t aj737V7 (BAM 
P) 1 36 1 t. mil?-*- (GOUT) 1 3 6 2iT 

«a**iT^«. *lt> ftfimm/wx 1 2 6ot 

L7\ ttJ^y- h • A'yUT. (<pGOUT) 12 6 1^4 

[0 2 9 6] *LT> aj^'-h • /WX^GOUT 1 

2 6 1 *^6TlJt]D^-*x/c<i:*lc. JtRSPI 1 0 4<Dtli*j£jS 
«£U^;l/Kg&Lfdi^l^U©IifSiaj7D (POU 
T) 1 1 07£SiI{!^1 0 1 3lcai*)-t;5<fc5U:& 

[0 2 9 7] 7*P?Wr£3gi l 6« : £x-72 
;m^Kg&-f£ttffl*t;:o^T. H2 3KwLf=W* 
SSI****;/? • =f"v- h*#^LS6^SJWr5o 

[0 2 9 8] **\ »M9IBiUIBIBKfe^T(4» Si 
EHSB1 1 0 2lcSVfi^V3k«IB1f?'3IME«fT5. 

[0299] gftgBI 100fcfcl^T> y-fevMME1 
2 0 3*VREF(CH&Lfctttr?t y*» H * A°/b7<p 
RST1 20 1££PflnLT. V? • x-f 7a 

-v>3 VF D 1 3 0 3©at&*VREFlCffl^-ri)fillCia 

[0 3 0 0] «t>T, itttSSPI 1 0 1 Ki5^T«MSaSR 



iti LA°;l/7<p A G ^EPftQ LTlfigSBBiai LS 1 f— h A 
GF1 3 12»tfJ»HfiWaiUS2y-hAGS1 3 1 
3£»3?t!\ 7Q-f-f>^-T^7a->'3>FD 

1 3 0 3<Dfflfii(Cj:oT^$*ffl3S^lii|gh5>-^^ 
QA1 3 1 llcft&iri*. SSlcaUy HS5-1 31 
4.131 5JC*-3T*B*tlfe«a{ ( I REF^f*) 

[0301] d<o<!:$. siEitan 1 02?\ sub 

If/ til/7 <pM SWF 122 1 i:S1IBffiy-h • A°iU7 
<pMGF 1 2 2 2-%W%\ZtilWt%Z.tK&.^Z, S1 
fBIa^— HMGF 1 3 2 3£rt-LTSlEHh5>v>'7 
£QM F 13 2 1 tc±IBa-3S I ref6Wi££<!:U:& 

[0 3 0 2] *<DSL aS»CSUB1S/\°;bX<pMSWF 
12 2 1 £P- • U^il/fcgtLTSlElil^Vv^ 
2QM F 1 3 2 1 ©JSt&*»l£U «l*T» S 1 Elf?' 
-h - Ail/7 <pMGF 1 2 2 2£fl¥Brt5C:.»:U:J:o 
T\ S 1 1BS f-7»'^QM F 1 3 2 1 IC^COI'S I 

ref*eiit*c 

[0 3 0 3] W±T«*fi^EWBMfl!)»aH:S7-p* 

So 

[0 3 0 4] #tC. S1 7U-ATOffiS^5c 
[0 3 0 5] gftgm lOOKfcl^T. U-tyhlEI 

2 0 3£Vref£U tB^SSttEVDDfci9£Lfc#!« 
T\ Ut7 h -A'il/7<pRST 1 2 0 1 ££M)0LTx 7 
□-T-f^-f-f72--7aVFD1 3 0 3<DBf££ 
VDD^ffi^t-^fillClS^LTfcX. 

[0306] Z.<DtZs 7*h^-T*-KPD1 30 1 

Tit. ftnmmmmmmf'Sfc&x lt^^s** 

*?#WMr*lTt"*©T\ &i£AiI/7<pT X 12 0 2 
£EPJDLT7* t-^V*- KPD1 3 0 1fr57P-x 
<>^-f-f7i-7a>FD1 3 0 31C^?^jM-T 
5iI<hlCj;oT> 7D-T-fV7* > f-f7a-v t 3VF 

d 1 3 o 3*zv>m : ¥-&fci&vtcmiiuz?zzt&-ez 

[0 3 0 7] MMM 1 0 1 ££^7*11811 

aju\°^7<pAG 1 2 1 i^enuDLTtiingPSi'y-h 

AGF1 31 2 1St/ti1igPm2'7 l -hAGS1 3 1 3 
£#jM£-<*\ 7P-f-fV'?'f-f72-v f 3>FD1 

3 0 3©l{aic<J:oT>*$?>ffi-3S«-iiilh5>-77^Q 
A1 3 1 1 AUVK55-1 3 1 4, 13 

1 5ic«t^Ttiit§*nfcm-3ii r i fi "it*) *» 

[0 3 0 8] CKDt^s S2EHSU1 10 3TS2EH 
/ til/7. <p MS WS 12 3 1 <tS2E«^-h • A°;U7<p 
MGS 1 2 3 2*|S)B#lcepl)a-r5C<i:ltJ:oT, S2E 
1ty-hMGS 1 3 3 3£rt-LTS2fBHh ; 7>-77.$ 
QMS 1 3 3 1 lc±EBaR I FlAWi^CilcfcSo 

[0309] -5-©^ ft«JlcS 2 EH/ til/7 <p M S W S 
12 3 1 ^P- • UA;UcS<i:LTS2E1ih7>v >- 7 
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9 QMS 1 3 3 1 (DtmneimU «t*T» SB 2 IBIS?' 
-h '/{(WipMGSl 2 3 2£fi?frr&£<!:l;:<J:7T 
m2fBfth5Vv ? X^QMS 1 3 3 1 (CftOVSft I F1* 

[0310] £<o'&. m 1 etm 1102 iciBis^tifc 

B*fl»lREFt»2lBHail 1 0 3lciB1g**i/cM1 
7U-.MCfctt£{t^l3« I F1©tt*0ftft*ff3. 
[0 3 1 1] **\ S2ffi1gy-h •/^MGS 1 
2 3 2tfi?5/\VbX<pQL 124 1 ZQUintZZ. tic* 
o7, Sg2fS1tan 1 0 3«©JS2Etth7:/5?X*Q 
MS 1 3 3 1 iCEttLTaSl^fc I F1*> tttt»1 1 0 4 
fc©Jl» h7>5*X*Q L 13 4 1 

[0312] * sic, mmizm2jW7x • h • n° 

;bX<pGBS 1 2 5 3*WilOLT»2/t'r7*-'7*-h 
GBS 1 3 54£WiIU VbIAS 1 2 5 1 ££PDDT5C 
i:lC«fcoTm2/^7X • h5>-77x*QBS 1 3 52 
?8£T*/U7Xtt3lt ("IBS "if*) tft^K5 
Vv^QL 134 1 (CSSLTt^flDT, ft^h^Vv* 
X$QL 1 34 1 (CliflmSftl F 1 t I BSWoT 

[0313] zotz. »i -r>/t-*«nv</u;i* I 

NVFSl«S2'rv/^-*fi«/^l/Xfl> I NVS££Pl)D 
■TSCillCfcoTs SHV/?-5 I NVF1 3 4 3 <h 
»2-rV/<-* I NVS 1 3 4 6<DAti!7)£|5]P3K®SS 
U ttlflBl 1 (MOMMAS*?** htU-fcy hLT 

[0 3 14] CORjftT, S1 CF 1 342 

[0 3 15] 3MC» miieiiy-h -/^U7.(pMGF 1 

2 2 2 tftSf/f>bX<pQL 12 4 1 *W\#lCf(im? % Z. 
£K<fcoT, flUIBttSM 1 02rt©*1IB«h5V^ 
7*QMF1 321 lClB1t3-tlTl^cS2ffI^-3ff I 
REFfctt&BP 110 4 ft<D&ffi h7>-^QL134 

1 (C3W. 

[0 3 16] C<7)<»:$, |W]Bf £311 /U7X • h • 
/^UXcpGBF 1 2 5 2^EPJDLTmiM'T7 7 X-y- 

hGBF 1 3 5 3«9iU V B I AS 1 2 5 1 tC<fco?SS 
1 ;W77 • h5>-?X*QBF 1 3 5 1 T'^r5/\" 
^7X1-35 (" I Bf"ttZ) ttfih^yVZtQL 1 

3 4 1 ICJW. 

[0 3 17] J|fth7V-?X*QL 134 1 fcli, g£ 
ffi^Hafc I mtJUTXWfa I B FtffflltU3K*i«C 
tlz*oT, ®EYref##8£**. 

[0 3 18] jfelcSLfcJ«BSIOIM*JI0»cJ:y» Yfi 
tYREFO^'J^^^JSCfcU^UtfitRSPI 1 0 4C0 
B^ftUs tU73gP1 1 0 6T'tii737V7l 36 1^il 
LT> tiJ7jy- h ■ /\°;UX«p G O U T 1 2 6 1 ZWtiat 
ZZtK&^T. S^ai7]POUT1 1 0 7£LT&B 

fi#*gi o 1 3fctH7j**i* 



[0 3 19] rftfo^ I F1> I REF (Yfi>Yref) ft 
Stt\ li^aJ7JPOUT 1 1 0 7(*D- • U^OUtft 
U, $tcs I F1< I REF (YF1<YREF) ft6l*B*ttl* 
P O U T 1 1 0 7 it/U • U^Uift*. 

[0 3 2 0] ft27U-4UXm& 'J-fe-y h -/\°>UX<p 
RST1 20 1W57P-t^^" 'f-f7i-i>3 
VFD 1 3 0 3©'J-b7 hlWE£Lftl\, Lfttf^T, 

^■ntwsftic «fe y 8£ Lfca-f *«aiip*tiT*$*a 

tt#7P-f-fVf • 7-f7i->'3>FD 1 3 0 31C 
£U*C£lcft*. 

[0 3 2 1] «IJxtt\ m2 7U-iA?1i, mi7U-A 
T'7P-f-f>^-f-f7i-73>FD1 3 0 3 ICS 

K<fcoT§8£L/ctt?£iEi£/'0U7(pTX 1 2 0 2<D91 
J)P»Cj:oT7P-7 1 -<>7*- T-f7a-v»a>F D 1 3 
0 3 KISS U ^<7)^g?n/i:®?^lCt£;L;T7P-x 
-f77*-f-f72-5?3>FD1 3 0 3®t1&#Sfe£2 i 

[0 3 2 2] *LT. C©«fe5lC^*tlfcfitB:^<J:7 
TlitigPI 1 0 1 fc©aUVh55-|H]SS#Sf#Sft* 
S9KI F2 «2 7U-i») . IF3(^3 7U-^), I 
F4 (H4 7U-20 .... £1121311931 1 03^0) 
W2K1II»5>5>X*QMS 1 3 3 1 (ceOTSCfclC 

ft*o 

[0 3 2 3] S9«9ft I REFtOttWBffttW 1 7U— 
[0 3 2 4] «±TU«8LfclBm*» WPU'WSIfflE 

sicsar zmts*™ lt^*. 

[0 3 2 5] ±IBTtt> S*U^;l/*v S£fl^i3tt»l 
■KC&l*« l J-t!9 h^EVR 1 2 0 3 4>fllC<f:?Ttt& 
U f5 tcflH^aftcfiHin* ti£/ W 7^«9K«/ W 7 
3.951 1 0 51^90)^1 lUT*' h7V-7'7x^QBF 1 
3 5 1X(*m2/\V77s • h7>-7'X^QBS1 3 52 

l'77m35 ; &$ofc<llPAft<T i tf r -7^J USlft li Rltg 

[0 3 2 6] fftt)^ ntJWTZ • ?- h • A'/UX 
(pGB F 1 2 5 2-¥>m2fi^B • f- h -/^U^fpGB 
S 1 2 5 3£P- • U^UCH^LTfc^, 1 BF= I BS 
= 0 1 LT> VREFt VDDOglCffl^-rsmjiifCDM/clt 

[0 3 2 7] -73. ^S*^^y•fe•y hSEVR 1 2035V 

DDic@^Lfc$$ crftt>-er'<Ta)7 u-at— 

tpJ^T^^o I BF<t I BS©M6\ Vref 

[0 3 2 8] 3Ts ^■rnt::LT i t±iB»)^Ti*s 01 
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«SBTS;&J£fcOl*T, H2 4M0=ICH2 5£#!«»LS 
[0 3 2 9] *HSSfK«l7«. 01 8tt/TxL/c.fc3S* 

KKWmtZtZO) t mmoMMMEtiMt « C <t K * 

[0 3 3 0] *-©fc»(C. H2 4(C3<rj:3lC, /W7 
7>SEVB 1 2 5 1 £ft«J©7L/-jUTVB = VB I <!: 

*©ffl*iMn;r*T» S^7U-LvFmaxT-Vb=V B M<!: 
***3tC*J»r*. y-fev KttEVR 1 2 0 3 

lix Vdd®**T-S^7U-A$T- Sits. 
[0331] 02 5tt, 02 3fc0!l5*Lfc*>©<!:e&@ 

fcx !J-b7 HEVR 1 2 0 3ttVoDi5?T^. * 
LT> S1 11388151 1 0 2fcC©ttttTWWlWB11 

[ 0 3 3 2 ] ft 1 7 U-LJ-XKlCfc^T* H 2 3 <bS£ 

musisan 1 0 2©flre«RH]LT. % 

2I3SSP1 1 0 3KBtt*ftT^*33^WEJ&i;fdI 
^<ktt8<-r5P&K> £1 • y- h • M°/U7<pG 

B F 1 2 5 2 li/Vf • Ix^l/teSoT* £ 1 • 
r-^V-T'aSQBF 1 3 5 1 frS©M-f 7 , X{l-<t i &JMII 
«2/W77-y-h-^W?iGBS1 2 5 

X*QB S 1 3 5 2T«*f*/K7X«3B*jMJILa 
^.fedlc-TSo C©<fc5fcSBft$yffl£ff5C.!:U:J:o 
T. lU T'XSEVB 1 2 5 1 *»b**T* 1 /K7 
7. • h7>->*WQBF 13 5 1 78£T*/W7*II 

[0 3 3 3] LfctfoT. H1 7, tttftChB© (Si 
7) ~ (32 2) Kijit<k51&BRmiC&Vs ?<<i-~ -V 

[0 3 3 4] MUC. 01 3MlflC01 4«#HL«tf 

[0 3 3 5] ffi^tiJ73POUT1 1 0 7©fl«U"Cjl' 
li, 7U-^«KSBfll^«1 0 1 3«flLT4c¥UA 
@K1 0 3 O^IJtlS. 7k¥tiJ73lHlK 1 030T 
(** *WR5U«»6itWttKlSaS*ftT*n:B«ffl*PO 
UT1 1 0 7£->U7;Wc2:&LT}§®il^©ttS&Kai 
7J"T-56\ 8L<li*nS9Jftlc*©££tt9JU:Jlfltt 

[0 3 3 6] IM*?1 0 0 1 6^etti73*+lfcil^fi^ 

fMffiuig&i o o 3 icA733-nr. wmmzwm 



LTx /vf • U^l/TJBtHf. *©<h$©7U-AS*l 
• 0 O4rttC0SSH:fflS*tlfc7' 

Ku^K»*afe*3tc4-3T^*. fiu »&*i*a 

[0 3 3 7] C©E***fljSSP1 0 0 6(ca^-r^/c 

[0 3 3 8] **\ y\y-h'^'J 1 0 0 4KIB1S* 

0 0 3lCfct^T. *©fI£±SS© (31 7) ~ (32 
2) €J8tvc£»T*. CCaSttT^JMB**©** 

x-7*/U • T±n<m&® 1 0 0 5 |cBIM(cNR0e 

r*. 

[0 3 3 9] Ctlti« 0!l*.tfNTSC (National Telev 
ision System Committee) fiW-S'VGA (Video Graphi 
c Array) {■9tt£©Wm&BMM9K££'r*C& 

[0 3 4 0] *LT, f^-7tn«!MI1 0 0 
53^6®ai7Dtt8^Sl 0 0 6T*5^*h5, 
[034 1] QAffi J-X±, K&©ftffifl**gRL4:tf 

(S\ ■»cE«Lfcw™*©OT©a*#»*'<*T 

[0 3 4 2] 

KW§©»*] W±PIBLfcJ:aic, *mmc£ftlf. 

[0 3 4 3] *«WfC*ntf, CMOS (Comple 

mentary Metal -Oxide Semiconductor : ffiffitt^M^k 

«nf=jiiiigMst>-^©sgii!isij®75^^*i«-r s ditf 

[0 3 4 4] $fcs **Wtc«fcn«s *WWc*W-*tt 

[0 3 4 5] Sfc, *mmt&1M£. 7* h • 
Kiti73tott-f£AD (Analog-to-Digital) ^SSSfiSM 

tfjcftfi© i latammmzm 7±©s^ : E-7a 
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[0 3 4 6] *fgfEKJ:tltfs «¥f*©E**©&$Htt 

S8SlilK^}§«-rSig®3{)^<> |5l§0«|^|$of6(D 
[0 3 4 7] *Tc, *^BfllCetnt*\ T^P^ftfrSx 

[0 3 4 8] iwwucfcntf* SiSS«D^aj{i^ 
£7*P?»fr5f^*;US^&1-*|igfcx »¥*© 

[0 3 4 9] 3=/c< *»WKJ:n«, Sft(I*l3£Ji£7' 
tPf**i»6T^*;Wi(cfflftr*IIHE» IWlc*-f* 

smfttf *©rawj«W5S*Ji«w- set #w «. * 

[Hn©ffi«&Ifflg] 

[0 1 1 1 ommBmizmzimmTo®® 

[02] *£l!B©S 1 ©Xffi8ttU:fll31MS?fcia& 

[03] *«W*HS-rs*ttIiiR©0K*Jg*i¥aBlc: 

[04] ■3ldRr*ffiMRlc^T. 7»*P?»Tfc 

[05] (3D ~ (S3) tfS»Sti*Hft3 (3 
4) ^^57±lc7P-y hLfcETS^o 
[06] (34) *SSU:SBBLT»fc (35) 

[07] (34) £ (35) £«JSl'>?ttiliB3$jTD« 
iBST * C £ (C <fc o 6 ftfcHS JVDiVD*i 
©H&3 (36) *^77±icray KUfcHTft*. 

[08] 03lC^-rmteB^(ct5^T. T-yuVVKtb 
*W***T-?*;l>»c^T*fc»©fl»*fl*fca 

[09] 0 3 (c^r«ffiHiR[c£^Ts 7i-n<fm?& 

[010] 0 1 K**1«fi8©»«iit?fcfcl^ 

[01 1] H3tcSt*ttB*»cfe^T. W**©I9IB 



r=A6©x stay? • )%)\/7><owfeZ'<s.y? • ? *— 

[012] B**©BHBtt&*f&&SJILT, *fbtf* 

[013] *8H©S2©£ireffiKfll«ilft*?i o 
0 1 *aELfc»«5/XxZ»^©««fl*«3Wli:iS 
Lfc0T*S5o 

[014] *«W©*2©j|JS}gaHc«*ffl«iR?1 0 

0 1 ©QBflMSflRttiaiilfcBITfcS. 

[015] WME71««JSr«iHffi»R©«i»««IA 

[016] T^P^i^arfcSSftSfflgfcx^/Ml 

[017] W**a«y-f^-5y^ • 
^^Lfc0T2B5o 

[018] 015 (CKLfcJMtX?©J|ltt»lt©&7D 
y *KBf* 1 -3©S^«|*3%LfciaT**. 
[01 9] iPttBJR©?-^ 93tt01 1 OOtJWBWl 

1 0 1 ©rtSPfl!B8*WtfflfC3xLfc0T'*«o 

[02 0] J)tffiB]R©3-6« I1IW1 1 0 2i:S2 
S^gpi 1 0 3©AflMJU£«l¥llliCTLfcBr?&«. 

[02 1 ] mmmmoo-z. /w?7»i i o 5©flgp 
[022] jpttss©5«* Jt&an i 0 4aetficni* 

331 1 0 6©rtflMl$«f!MQKCTLfcBr?ft«. 
[02 3] BSSafc©*^:/? •T^-hfcmLfc 
07365. 

[02 4] /KZX®ES»©^"r5>f 
/^Lfc0TS5„ 

[02 5] $W= y*- \,V*Jim*4S.y9-** 
-h^Lfc0T**5o 

R?^©SHB] 
1 -HR 

3-UEnisllft 

1 o -gftgp 

2 0-ftlJMIV 

3 0-H2HMBB 

40-em 

5 0-fWff«atf»JW* 

5 5 - /^77.Si5 

6 0-tti73» 

10 0 1 •••ffi^jR? 

1 00 2-«<H8ft» 

1 0 0 3-<|«tt3&_ 

1 004-7U-A • /^'J 

1 0 0 5-7 ? 5?*JU-7 , 7-n?fflJt» 

1 0 0 

1011 -mamm 
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